AN 


© 32 Y 


VITAL and other INVOLUNTARY 


MoTloNs of ANIMALS. 


FO 
By RoBERT Wuvrr, M. D. 


Fellow of the Royal College of Phyſicians, and 
Profeſſor of Medicine in the Univerſity of Edinburgb. 


Jnanimum ęſt omne quod pulſu agitatur externd; quod autem 
eft animal, id motu cietur interiore & ſuo. Nam hac eft 
propria natura animi atque vis. Quæ fit illa vis, & 
unde fit intellegendum puto. Non eſt certè nec cordis, nec 
ſanguints, nec cerebri, nec atomorum. 

CiceRo. Diſput. Tauſcul lib. 1. 


E DIN BURG RE: 
Printed by HAM L Tox, BALFouR, and N ETI. 
M,DCC.LI. 


4 


- 


| 


To the RIGHT HonouUuRABLE 


JAMES Earl of MorrTox, 
Lord ABER DOUR, Sc. &c. Cc. 


is not your Lordſhip's high ſtation 
. the world, but your extenſive 
knowledge of the works of nature, 
and taſte for Philoſophical inquiries, 
which has determined me to inſcribe 
the following Eſſay to your Lordſhip, 
and makes me, with pleaſure, embrace 
this opportunity of publickly declaring 
the great reſpe& with which I am, 

My LORD, 
Your LoRDSHIP's 


moſt obedient, and 
moſt humble Servant, 


ROBERT WHYTT. 


ADVERTISEMENT. 


B OU twelve years fince, not long af- 
ter the Author of this Eſſay had left the 


ſchools of Medicine, he began to be diſſatisfied 
with the common theortes of reſpiration and the 
heart's notion; and as he had not met with any 
writer, who had given, as he thought, a juſt 
account of the vital and other involuntary mo- 
tions of animals, or derived them rightly from 
their true $0URCE, be purpoſed ſometime or o- 
ther to write on this ſubjeft, if not for the 
publick, at leaſt for his own ſatisfattion. In 
purſuance of this reſolution, the following Eſſay 
was begun in the year 1744; and might have 
been finiſhed long ago, had not the Author's time 
been greatly taken up with more neceſſary buſi- 
neſs.—In compiling it, he has been careful not to 
indulge his fancy, in wantonly framing hypo- 
theſes, but has rather endeavoured to proceed 
upon the ſurer OI of experiment and 

obſervation, 
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1 
obſervation. No doftrine in Philoſophy, which 
was not built on theſe, has ever been able to ſtand 
its ground for half a century; and the theories 
of NewToN, and ſome few others of the more 


happy Philoſophers, have therefore triumphed o- 


ver all objections, becauſe they were founded on 
nothing elſe but plain facts; facts indeed, whoſe 
exiſtence was perhaps unknown before, and whoſe 


influence is ſo extenſive, that while they are ſimple 


and uniform in themſelves, they ſerve as cau- 


ſes for explaining innumerable effefs. On the 


other hand, in the hypothetical method of philo- 


fephifing, cauſes are uſually aſſigned, which 
not only. cannot be proved to exiſt, but which 


are frequently more intricate and complex than 


even the effects to be explained from them. And 
indeed, it cannot be expected that unguided ima- 
gination ſhould hit upon the truth, ſince nature 
bas fo cloſely concealed many of her operations, 
that they often elude the united efforts of genius, 
induſtry and experiment. 
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1 
There is one favour which the Author would 
aſe, of thoſe who may take the trouble to per- 
uſe this performance, viz. that they would de- 
lay paſſing judgment upon any PART of it, till 


they bave attentively and fairly confidered the 


WHOLE ; becauſe it is apprehended, that the 
theory of every one of the motions here explained, 
ſupports and ſtrengthens what 1s ſaid of the reſt, 
and that when all are taken together, each re- 
ceives an additional weight of argument, and 
appears in a ſtronger light, 
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Of the VITAL 


and other INVOLUNTARY 


Morroxs of ANIMALS. 


INTRODUCTION... 


Hs ro TOGO HAL writers have divided 
the motions of animals into voluntary, 


involuntary, and mix dc. 
Tux voluntary motions are ſuch as proceed 


from an immediate exertion of the active 


power of the will. The involuntary and 
mix d motions, which laſt, though ſubject 
to the power of the will, yet are not ordina- 


rily directed by it, may be aptly enough com- 
prehended under the general denomination of 
8PONTANEOUS ; ſince they are performed by 
the ſeveral organs as it were of their own 


accord, without any attention of the mind, 
or conſciouſneſs of an exertion of its active 
power: ſuch are the motions of the heart, 


A organs 


en ate . . 
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organs of re piration, ſtomach, guts, Sc.; 
which have been alſo diſtinguiſhed by the 
name AUTOMATIC; though perhaps there 
is an impropriety in this term, as it may ſeem 


to convey the zdea of a mere inanimate ma- 


chine, producing ſuch motions purely by vir- 
tue of its mechanical conſtruction : a notion 


of the animal frame too low and abſurd to 
be embraced by any but the moſt MINUTE 


philoſophers ! 
THOUGH we may be at a loſs to explain the 
nature of that ſubſtance in the nerves, by 


whoſe intervention the mind ſeems enabled to 
act upon the muſcles; and though we may 


be unacquainted with the intimate ſtructure 
of the fibres upon which this ſubſtance ope- 
rates, yet we have no room to doubt that vo- 
luntary motion is produced by the immediate 
energy of the mind; manifold experience 
convincing us, that though there be required 
certain conditions in the body in order to its 
performance, it is nevertheleſs owing to the 
will. Nor ought we to be ſurpriſed when 
we meet with theſe kind of difficulties; for 
they attend moſt of our inquiries and re- 
ſearches ; — Thus, though the laws of mo- 

| tion 
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tion and gravitation be fully underſtood and 
demonſtrated by philoſophers, yet the firſt 
cauſe of motion, the manner in which it is 
communicated to bodies, and the nature of 

gravity itſelf, have never been explained. 
BuT how it comes to paſs that many of our 
muſcles are brought into contraction, not only 
without the concurrence of the will, but in 
oppoſition to its ſtrongeſt efforts, and why 
moſt of the organs of ſpontaneous motion are 
continually agitated with alternate contracti- 
ons and relaxations, of which we are no way 
conſcious, while the muſcles of voluntary 
motion remain at reſt, and are not contracted 
but in conſequence of a determination of the 
will to that end; are queſtions which have 
occaſioned no ſmall debate among medical 
writers, and which as yet they are far from 
being agreed about. ——To clear up theſe 
points, is the principal deſign of this Eſſay ; 
and I flatter myſelf that the following account 
of the vital and other involuntary motions of 
animals, will not leſs recommend itſelf to e- 
qual judges by its ſimplicity, than by its agree- 
ableneſs to the known laws of the animal 
economy, and the eaſy ſolution it affords of 
all 
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nene bf che human frame mt 

ng" its involuntary motionsns. 

. NaTvuRE, as far as we can judge Roni che 
plan and ſcheme of things ſurrounding us, 
delights in ſimplicity and uniformity, and, 
by general laws applied to particular bodies, 
produces a vaſt variety of operations; nor is 
it at all improbable that an animal body is a 
ſyſtem regulated much after the ſame manner. 
Following the path, therefore, which Nature 
has pointed qut in her other and more grand 
operations, I have in this Eſſay endeavoured 
to ſhew, that all the ſpontaneous motions of 
animals are explicable upon the fame prin- 
ciple, and owing to one general cauſe, How 
far ſome authors of great note have been un- 
ſucceſsful in their inquiries into this matter, 
from their neglecting ſo obvious an analogy, 


and endeayouring to explain the vital motions 


of almoſt every difterent organ, by a different 
theory, is left to the Reader to judge. 

As the heart is one of the principal organs 
of the body, and its action immediately ne- 
ceſſary to life, we ſhall begin with inquiring 
into the cauſe of its alternate contraction and 


relaxation, and whence it comes about that 
theſe 
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' theſe motions are performed without the 


mind's ſeeming to have any concern in them, 
nay in oppoſition to the ſtrongeſt efforts of the 
will, But it will be neceſſary previouſly to 
lay down a few poftulata, as a ground-work 


upon which is to be built our theory of the 


involuntary motions of animals in general, 
and of that of the heart in particular. 


SECT. I. | 
Principles and facts neceſſary to be premiſed. 


1. CERTAIN power or influence pro- 
ceeding originally from the brain 


and ſpinal marrow, lodged afterwards in the 


nerves, and by their means conveyed into the 
muſcles, is either the immediate cauſe of 
their contraction, or at leaſt neceſſary to it. 
Tux truth of this is put beyond all reaſon- 
able doubt, by the convulſive motions and 
palſies affecting the muſcles, when the me- 
dulla cerebri, medulla oblongata and ſpinalis, are 
pricked, or any other way irritated or com- 
preſſed; as well as from the obſervation, 


that animals loſe the power of moving their 


muſcles 


e — — 


6 . Of the ViTAL and 


muſcles, as ſoon as the nerve or nerves be- 
longing to them are ſtrongly compreſled, cut 
through, or otherwiſe deſtroyed. Of this 
many inſtances might be given: But we ſhall 
content ourſelves with mentioning one, which 
is too ſtrong and unexceptionable to admit 
of any evaſion. When the recurrent nerve 
on one fide of the larynx is cut, the voice 
becomes remarkably weaker ; when both are 
cut, it is entirely and irrecoverably loſt “, z. e. 
the animal loſes all power of moving the 
muſcles which ſerve to increaſe or diminiſh 
the aperture of the glottis; for I preſume it 
will be needleſs now-a-days to go about to 
ſhew, that the tying of thoſe nerves can only 
affect the voice, by rendering theſe muſcles 
paralytic, 

Ik the brain, or ſome part of it, were not 
in a manner the fountain of ſenſation and mo- 
tion, and more peculiarly the ſeat of the mind 
than the other bowels or members of the bo- 
dy; why ſhould a flight inflammation of its 
membranes cauſe madneſs, or a ſmall com- 


preſſion of it produce a palſy or apoplexy, 


while a like inflammation of the ſtomach or 
liver, 
* Edinburgh Medical Eſſays, vol. 2. art. 8. 
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liver, or a compreſſion or obſtruction of 
theſe bowels, have no ſuch effects? If the 
nerves were not immediately concerned in 
muſcular motion, Why, upon tying or de- 
ſtroying them, does the member to which 
they are diſtributed, inſtantly loſe all power 
of motion and ſenſation? Becauſe ani- 
mals have lived with a brain ſo diſeaſed, that 
it is difficult to conceive how it could perform 
its functions, or becauſe monſters have been 


born without a head, which lived ſome ſhort 


time, and had the power of motion ; to con- 
clude, I ſay, from hence, that the brain and 
nerves in perfect animals are not immediately 
neceſſary to motion and ſenſation, is altoge- 
ther as abſurd, as it would be to aſſert, that 
the heart was not deſigned to propel the blood 
through the body, becauſe muſſels, oyſters, 
and other animals of the loweſt claſs, have 
no ſuch organ *, and monſtrous fetuſes have 
ſometimes wanted it +, or becauſe we are 
told of a rat every way healthful, which be- 
ing diſſected was found to have no heart f. 


No 


* Harvey de motu ſang. cap. 17. 
+ Memoires acad. ſciences 1720, edit. 8vo, p. 16. 


t Van * comment. in Boerhaav. aphoriſm, vol. 1. 
p. 256. 
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o reaſoning drawn from a few mon- 
ſtrous caſes, can be ſufficient to overthrow a 
doctrine founded upon the plaineſt phenomena 
. obſerved in perfect animals, and confirmed 
by almoſt numbetleſs experiments made upon 
them. The neceſſity therefore of the influ- 
ence of the brain and nerves towards produ- 
cing muſcular motion, is not to be diſproved 
by a few rare inſtances of offified, petrified, 
or otherwiſe morbid brains found in animals, 
which ſeemed tolerably healthy, and had the 
motion of all their muſcles; fince it is not 
more unreaſonable to ſuppoſe, that the nerves 
may derive a fluid from a porous ſpungy oſ- 
ſified brain, than that a tree ſhould ſpring out 
of a ſtone-wall; dry ſtone and lime being 
not leſs different from moiſt earth, than ſuch 

an oſſified brain from one in its natural ſtate ; 
nay the latter ſeems more capable of affording 
moiſture to the nerves, than the former to 
roots of the tree ®— When the brain is 
wanting, 


The brain mentioned by Dzverney, in Memoires acad. 
des ſciences 1703, edit. 8vo, p. 318. &c. was not wholly 
; petrified; its inferior part from which the nerves take their 
riſe, ſtill retained its medullary form. And the ſame has 
probably been the caſe of other petrified or oſſified brains, 
cho perhaps not ſo accurately obſerved, | | 
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wanting, Nature may have other ways than 
we can eaſily imagine, of ſupplying the nerves, 
and of keeping them in ſuch order, as that 
they may be able in ſome fort to perform their 
functions. 

THE iminediate cauſe of inuſcular contra- 
ion, which, from what has been ſaid, ap- 


pears evidently to be lodged in the brain and 


nerves, I chuſe to diſtinguiſh by the terms of 
the power or influence of the nerves; and if, 


in compliance with cuſtom, I ſhall at any time 


give it the name of animal or vital ſpirits, I 
deſire it may be underſtood to be without any 
view of aſcertaining its patticular nature or 
manner of acting; it being ſufficient for my 
purpoſe, that the exiſtence of ſuch a power 
is granted in general, though its peculiar na- 
ture and properties be unknown, 


2. WHILE the nervous power is immedi- 
ately neceſſary to muſcular motion, the arte- 
rial blood ſeems to act only in a ſecondary or 
more remote manner. 

MusCLEs are immediately rendered paraly- 
tic upon tying or deſtroying the nerves diſtri- 

B buted 
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buted to them. But when the arteries be- 
ſtowed upon any muſcles are tied, the action 
of theſe muſcles is only gradually weakened, 
and not totally aboliſhed till after a conſider- 
able time. The ingenious Dr. Langriſb tied 
up and cut aſunder both the carotid and both 
the crural arteries of the ſame dog, without 
deſtroying the motion of one muſcle +; and 
Stwencke aſſures us, that, after having tied the 
crural artery of a dog cloſe by the groin, the 
animal continued to move his leg and foot for 
a whole day; the ſame experiment he repeat- 
ed in another animal, and did not find that 
the muſcles of the leg became paralytic till 
this member was almoſt quite dead f. Tis 
true indeed, that, by a ligature made on the 
aorta immediately above its diviſion into the 
iliacs, the hinder limbs of a dog gradually 
loſt their motion, and became quite paralytic 
after two minutes ||: from which it ſeems pro- 
bable, that, in the experiments of Langriſb 
and Swencke, the motion of the muſcles con- 
tinued longer, becauſe they had ſtill ſome 

blood 


* Kaau impet. faciens, No. 288. 

+ Cronean lectures on muſcular motion, 8 93. 

t Hematalog. p. 8. See alſo Brunner, de pancreat. p. 188. 
| Kaau impet. faciens, No. 291. 
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blood tranſmitted to them by lateral commu- 
nicating branches, from arteries which were 
not tied. But, on the other hand, it is al- 
ledged, that the tying the aorta renders the 
muſcles of the legs paralytic, not ſo much by 
intercepting the blood, as by 1 the 
ſpinal marrow *. 

However, from theſe experiments, it 
ſeems pretty clearly to follow, that the arte- 
rial blood no otherwiſe conduces to muſcular 
motion, than as it ſupplies the veſſels and fibres 
of muſcles with fluids proper for their nouriſh- 
ment, gives them a ſuitable degree of warmth, 


and thus preſerves them in ſuch a ſtate, as 


may render them moſt fit to be ated upon by 
the nervous power, While therefore the life 
and nouriſhment of the muſcles are owing to 
the motion of the arterial blood through their- 


veſſels, their power of motion and ſenſation 


proceeds from the nerves alone. 


3. Tux muſcles of live animals are conſtant- 
ly endeavouring to ſhorten or contract them- 
ſelves. Hence ſuch as have antagoniſts are 

| always 


Haller prim. lin. phyſiolog. No. 410. 
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always in a ſtate of tenſian ; and the ſolitary 
muſcles, as the ſphincters, and theſe whoſe 
antagoniſts are weakened or deſtroyed, are al- 
ways contracted, except when this natural con- 
traction is overcome by ſome ſuperior power. 


4. Tur natural contraction of the muſcles 
3. JI is owing partly to all their veſſels being di- 
ſtended with fluids, which ſeparate and ſtretch 
their ſmalleſt fibres. 

As a proof of this; the muſcles of animals 


that are in full health, and abound with pro- 


per fluids, retract themſelves much more re- 
markably towards each extremity when cut a- 
croſs, than the muſcles of ſuch animals as are 
in a languiſhing ſtate, and exhauſted of their 
fluids; beſides that, ſoon after death, muſcles 


become flaccid, and, when cut WTR, 
retract themſelves but little. 


Bur, 2. the natural contraction of the mu- 
ſcles is in a great meaſure to be aſcribed to the 


influence of the nerves, which is perpetually 


operating upon them, though in a very gen- 
tle manner: and that to this is chiefly owing 
the conſtant contraction of the ſphincters, and 
the tenſion of ſuch muſcles as are balanced 
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by antagoniſts, the palſy affecting the ſphin- 
&ers as ſoon as their nerves are compreſſed or 
deſtroyed, and the conſtant contraction of ſuch 
muſcles whoſe antagoniſts are deprived of the 
nervous power, evidently demonſtrate. 

BEcAusk the heart, and other muſcles of 
animals, often continue to move for ſome time 
after they are ſeparated from their bodies, and 
conſequently, after all communication be- 
tween them and the brain is cut off, ſome 
have thought the contraction of the muſcles 
not owing ſo much to the nervous influence; 
as to ſome latent property in their fibres; 
with what juſtice will afterwards appear &. 
But we may obſerve in this place, that, unleſs 
the brain and nerves were in an eſpecial man- 
ner concerned in the motion of the muſcles, 
it would be difficult to conceiye why in ani- 
mals newly killed, an irritation of the medulla 
oblongata ſhould cauſe more violent convul- 
fions of the muſcles, than an irritation of the 
muſcles themſelves +. 


5. Tux natural contraction of the muſcles 


| [3. and 4.] 
* Vid. below, Sec. x. and xii. 


+ Kaau impet. faciens, No 530, & 33 and Sect, xui, 
No 26. of this Eſſay. 6 . 5 
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[ 3. and 4.] arifing from the conſtant and e- 
quable action of the nervous power on their 
fibres, and of the diſtending fluids on their 
veſſels, is very gentle, and without any ſuch 
remarkable hardneſs or ſwelling of their bel- 
bes as happens in muſcles which are contract- 
ed by an effort of the will, And although 
the ſphincters and thoſe muſcles whoſe anta- 
goniſts are paralytic or hindered from acting, 
do always remain in a ſtate of contraction; 
yet at any time, by an effort of the will, they 
can be much more ſtrongly contracted. Tis 
ſomewhat ſtrange that Dr. Stuart ſhould have 
been ſo far miſtaken, as to aſſert, that the 
mind has no manner of power = ſuch 
3 not 
ich is 


muſcles as are deftitute of antagon 
only that it cannot unbend them, 


allowed by all, but alſo that it cannot make 


them contract more ſtrongly “; for every 
one muſt be ſatisfied, that though the hin- 
fer ani is naturally in a conſtant ſta of con- 
traction, yet he can at pleaſure 
tract more ſtrongly; and though 
flexor cubiti contracts and ſwells 


* Diſſertatio de motu muſculari, p. 22. 23. 
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ſpite of any effort of the will to the contrary, 


yet any one, if he pleaſes, can make it ſwell 
more, grow much harder, and contract itſelf 
with vaſtly greater force. But into what 
miſtakes may not a preconceived favourite 
theory betray the beſt of men ! 

FRoM what has been juſt now advanced, 
it follows, that it is not neceſſary, in order to 
the mind's acting upon the muſcles, that they 
ſhould be ſtretched or extended beyond that 
length to which they would naturally reduce 
themſelves, if not prevented by the action of 
their antagoniſts. 


6. As often as the influence of the nerves 
is determined into the muſcles ſo as to operate 
more powerfully on them, they are excited 
into ſtronger contractions which are not natu- 
ral, and therefore may be called violent. 


This extraordinary determination of the ner- 


vous influence, may be owing either to the 
power of the will, or to a ſfimulus. 


7. VoLUNTARY contraction is owing to the 
ſtronger action of the nervous influence upon 


any muſcle, excited by the power of the will. 
| 8. A 


_ — _— 
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8. A fiimulus, or any thing irritating, applied 
to the bare muſcles of live animals, immedi- 


ately excites them to contract themſelves. 


Tuis appears from numberleſs experiments 
and obſervations ; and is equally true with re- 
ſpe& to the muſcles of voluntary and invo- 
luntary motion.—The muſcles of a live frog, 
when laid bare and pricked with a needle, are 
ſtrongly convulſed.— A ſolution of white vi- 
trio] no ſooner touches the internal ſurface of 
the ſtomach, than this bowel is brought 
into convulſive contractions.——Smoke of to- 
bacco or acrid clyſters injected by the anus, 
bring convulſive motions on the great guts.— 


of the effects of ſimuli on the m 
nimals; but theſe may ſuffice, 


* Harvey, ſpeaking of the punctum ſaliens, or heart of 
the chick in the ſhell, ſays, Vidi ſæpiſſime ab acus, ſtyli, 
« aut digiti contactu, imo vero a calore aut frigore vehe- 
< mentiore admoto, aut cujuſlibet rei moleſtantis occurſu 
„ punctum hoc, pulſuum varias permutationes, ictuſque 
s validiores ac frequentiores edidiſſe.“ e gencratione 
animal, exercitat. 17. 
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have occaſion to treat of this matter more ful - 
ly afterwards. | 

 _WuaaTEveER diſtracts the fibres of any 
muſcle, or ſtretches them beyond their uſual 
length, excites them into contraction almoſt 
in the ſame manner as if they had been irri- 
tated by a ſharp inſtrument, or. acrid liquor. 
Thus the motion of the heart in pigeons 
newly dead, is as remarkably renewed or in- 
creaſed by drawing the fides of the. divided 


thorax aſunder, and conſequently ſtretching 


the great veſſels to which the heart is attach- 


ed, as by pricking its fibres with a pin *. 


In luxations, muſcles, by being over _— 
ed, are often convulſed ; and the vgſca uri- 
naria and inteftinum refum, are not only ex- 
cited into convulſive contractions by the a- 
crimony of che urine and faces, but alſo by 
their bulk ahd weight ſtretching the fibres of 
theſe hollow muſcles +. 


9. In proportion as the flimulus is more or 
leſs gentle, ſo (cæteris paribus) is the contra- 


ction of the muſcle to which it is applied. 


| C . THE 
Vid. infra, Sect. xii. No 16, and 17. 
+ Vid. infra, Sect. V. 
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Tur truth of this propoſition, like the for- 
mer, 1s not only proved by experience, but 
may be deduced from reaſon alone; for if 


the irritation is to be conſidered as the cauſe, 


and the ſubſequent contraction of the muſcle 
as the effect; then, in propo as the 
cauſe is incteaſed or diminiſhed, ma be 
its effect. The mobtions occaſioned by 
ſtretching the fibres of any muſcle will be 
greater or leſs, as the muſcle is ww or leſs 
ſtretched; unleſs it be fo far extended, as 
quite to loſe its tone, and become paralytic. 
It deſerves however to be obſerved; that the 
effects of different ſſimuli depend very much 
upon the peculiar conſtitution of | the nerves 
and fibres of the muſcles to which they are 
applied: Thus what will prove a ſtronger „li- 
mulus to the nerves of one part, will more 
weakly affect thoſe of another, vice verſa. 


10. AN irritated muſcle does not remain in 

a contracted ſtate, although the ſtimulatin g 

cauſe continues to act upon it; | 
nately contracted and relaxed. 

Tuus the ſimulus of an emetic received 

into the ſtomach, does not cauſe a conti- 

nued. 


„ 


a On ww qa». 


„ 
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nued contraction of its muſcular 'coat ;-and 
an irritation. of the lower extremity. of the 
gullet, is followed by alternate convulſions of 
the diaphragm. The heart of a frog or cel 
taken out of the body, continues its alternate 
motions while a needle is fixed in it. When 
the heart or other muſcular parts of dying 
animals ceaſe to move, heat will renew their 
contraction, which is regularly alternate, al- 
though the /iimulus be unvaried : After the 
auricle of a pigeon's heart had ceaſed to move, 
I made it renew its alternate contractions, by 
filling the thorax with warm water *; and af- 
ter the vibrations of a frog's heart had begun 
to languiſh, they recovered their former vi- 
gour and quickneſs, by expoſing it to the 


heat of a fire. 
Wurx muſcles have been long in action, 


or too highly ſtrained, the member to which 
they belong is obſerved to be affected with a 
tremor, which often laſts for a conſiderable 
time; i. e. theſe muſcles are agitated with 
ſmall alternate contractions and relaxations, 
notwithſtanding the ſtimulating cauſe conti- 
nues preſent with them. 


IT 
* SeQt. xiii. Ne 15. of this Eſſay. 


mY 
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Ir might perhaps be imagined à priori, 
that a muſele ought to remain contracted as 
long as the ſfimulus or cauſe of its contraction 
continues to act upon it: but the fact we ſee 
is otherwiſe; and the reaſon of it all be ex- 
plained afterwards v. There are indeed a 
few inſtances of muſcles which are not alter- 
nately relaxed, but remain uniformly con- 
tracted as long as the ſtimulating cauſe conti- 
nues to act with the ſame degree of force, 
ſuch as the orbicular muſcle of the wvea, and 
ſome others; the reaſon of whic ſhall alſo 


be affigned below + 


11. TxRITATED muſcles are not only agi - 
rated with alternate motions while the ſtimu- 
lating cauſe continues to act upon them, but 
alſo for ſome time aſter it is removed; though 
they become gradually weaker, : 4 are re- 


peated more flowly. If the irritation be great, 


theſe alternate motions laft longer, and follow 


one another more quickly ; if we: er, they 


are repeated after longer intervals, and ſooner 
ceaſe ; if extremely gentle, and he muſcle 
not 


* gecſt. x. near the end. 
S, Ibid, 


ö 
7 
1 
> 
— 
— 
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not very ſenſible, perhaps only a ſingle con- 
traction or two will enſue .J. 

Sox of the fibres of the platyſina 0 
which were diſſected off with a tumor, have 
been obſerved to palpitate like the heart of a 
dying animal for a conſiderable time; and 
the ſame motions have been often obſerved 
in the muſcles of brute animals. when their 
fibres were irritated after their — from 
the body “. 

Tur heart of an animal newly. killed, is 
excited i into motion by blowing upon it, or 
touching i it with the point of a pin; and this 
motion often laſts a great while, although the 
ſtimulus is not renewed. After a pigeon's 
heart had ceaſed to move, its vibrations were 
not only renewed by drawing aſunder the 
fides of the divided thorax, but continued for 
a conſiderable time we] 


12. THE motions of muſcles from a flimnu- 
lus are quite involuntary. - 
EvERY one muſt be ſenſible of the truth 


of this aſſertion, who has ever felt any of 
thoſe 


Vid. Sect. xiii, Ne 3. 
+ Sect. xiii, Ne 16. & 17. 
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thoſe ſmall convulſions or pulſatory contra- 
ions, which frequently happen in different 
parts of the body, and which ſeem to be ow- 

ing to ſore irritation of the fibres or mem - 
branes of the muſcle contracted, either from 
acrid particles in the fluids irritating their ſen- 
fible nerves, or from too great a diſtenſion of 
their tender veſſels by the ſtagnation. of the 
circulating. fluids. The muſcles called accelee 
ratores urine, though at other times entirely 


under the power of the will, yet while the 


ſemen continues to be poured into the begin- 


of any other of its muſcles, are gently ſtimu- 
lated with the point of a file, the alternate con- 
trations which enſue, are altogether involun- 
tary, and can neither be accelerat d, retarded, 

augmented, nor- diminiſhed by the power of 
the will. The ſame thing is true of the mo- 
tions of the ſtomach and diaphragm, excited 
by emetics. From which it follows that, 


13. Tux power of ſfimuli in exciting the mu- 
{cles 
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ſcles of living animals into contraction, is 
greater than any effort of the will. 
Tux truth of this is ſtill further confirmed, 
by the following obſeryation. A man aged 25, 
who, from a palſy of twelve years continu- 
ance,” had loſt all power of motion in his left 
arm, after trying other remedies in vain, at 
laſt had recourſe to electricity; by every ſhock 
of which the muſcles of this arm were made 
to contract; and the member itſelf, which 
was very much withered, after having been 
electrified for ſome weeks, became ſenſibly 
plumper. If then the voluntary muſcles 


can, even in a palſied ſtate, be excited into con- 


traction by the action of a ſfimulus on their fi- 
bres, it follows, that when this is applied to 


them in a ſound and more ſenſible ſtate, any 


effort of the will to prevent their contraction, 
muſt be vain and impotent. Hence the mu- 
ſcles of voluntary as well as of inyoluntary 
motion ceaſe to be under the power of the 
will, while their ſenſible fibres or membranes 
are irritated by a ſlimulus. 


14. THERE are therefore three kinds of 
contraction obſervable in the muſcles, all of 
them 
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them different from each other, viz. natural 
[4. and 5. J voluntaty [y.], and involuntary, 
from a ftrmulus 8. 9. 10. 1 1. 12. 13.]J. The 
firſt is very gentle, equable and continued, 
and is owing to the cauſes mentioned No 4. 
The ſecond proceeds from the iminediate 
power of the will, is always ſtronger, and 
may be continued for a longer or ſhorter time, 
or performed with niore or leſs force, as one 
pleaſes. The third is ſtrong; but ſuddenly 
followed by a relaxation, ſeems to be a neceſ- 
fary conſequence of the action of the | ftimu- 
lus, upon the muſcle, and cannot be affected, 
either as to its force or continuance, by the 
power of the will. TAY, 


I5. Tus natural contraction above explain= 
ed, is what we obſerve in the ſphincters and 
muſcles deſtitute of antagoniſts. 


16. WauirLs the ſphincters of the anus and 
bladder, and thoſe muſcles whoſe antagoniſts 
are deſtroyed, remain always in a ſtate of con- 
traction, and while ſuch muſcles as have an- 
tagoniſts, are kept in equilibrio, or without 


any motion, except when the will interpoſes; 
| Fee the 
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the heart, which has no proper antagoniſt, 
is alternately contracted and dilated, without 
our being able, by any effort of the will, di- 
rectly to hinder or promote its motions. 

17. THE contraction of the heart is there- 
fore not only involuntary, but of a different 
kind from that of the ſphincters and muſcles 
deprived of antagoniſts ; and ſeems, as to its 


phenomena, to agree with the contraction of 


muſcles from a ſimulus. | 14.] 


18. Tux mind may, by diſuſe, not only loſe 
its power of - moving even the voluntary mu- 
ſcles, except in a particular way, but alſo of 
exciting them into contraction at all. Of the 
former we have an example in the uniform 
motions of the eyes; and of the latter in the 
muſcles of the external ear, and of ſuch 
members as have remained long without mo- 
tion. 


9 SECT. 
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- SECT. IL 
An examination of the opinions ef ſo me of the 


moſt confiderable authors concerning the motion 
of the heart. 


'T ſeems to have been the prevailing opinion 

L among many of the antient hyſicians, 

that the motion of the heart was _ to a 
vital principle particularly reſiding Ga- 

len thought motion as natural to th 3 | 


Teſt to the other muſcles. Des Cartes, much 


leſs verſed in Phyſiology than in Mathema- 
tics, attributed the motions of this organ 
wholly to the ebullition of the bl 1 
into its ventricles; and contended, that this 
fluid was not puſhed into the arteries by the 
muſcular contraction of the heart, but that 
it forced its way into them by its own explo- 
five power. After Harvey's doctrine of 
the circulation was fully eſtabliſned, the heart 
was allowed to be a muſcle, and its /y/ole to 
be analogous to the contraction i other mu- 


ſcles; the vital ſpirits of the nerves were ſup- 
poſed 


* 
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poſed to flow alternately into its fibres, either 
on account of valves, which by turns admit- 
ted and denied them a paſſage; or becauſe it 
was thought that the ſpirits could only be 
diſcharged by drops, and not in an equable 
ſtream, from the extremities of ſuch ſubtile 
tubes as the nerves *. 

VaR1ovs other hypotheſes were framed to 


explain the alternate motion of the heart; a 


problem not leſs difficult than curious! Theſe 
I ſhall paſs over in filence, leaving them to 
fall by their own abſurdity, or the arguments 
of others; and content myſelf with mention- 
ing the defects of ſome of the latter ſyſtems, 
which, from their plauſibility, or the high 
character of their authors, are intitled to the 
greateſt regard. 

THe theory of the heart's motion, which 


has of late years met with the moſt favour- 


able reception, is that of the celebrated Boer- 
haave, who deduces the alternate ſy/fole and 
diaſtole of this muſcle, chiefly from the pe- 
culiar circumſtances of the cardiac nerves ; 
for as much the greateſt part of theſe nerves 
paſſes between the auricles and large arteries 


of 
* Borell. de mot. animal, lib. 11. cap. 6. prop. 79. 


28 Of the VITAL and 


of the heart, he concluded that they muſt be 
compreſſed at the end of every ſy/tole, when 
theſe cavities and veſſels are greatly diſtended 
with blood; whence the motion of the ſpirits 
being intercepted, the heart muſt be render- 
ed paralytic ; but that whenever, upon the 
ſubſequent contraction of the auricles and ar- 
teries, this compreſſion ceaſes, and the nerves 
tranſmit their fluid as formerly, the heart muſt 
contract anew *. wt 
THI1s hypotheſis, however in genious, will 
appear altogether inſufficient, if we imparti- 
ally attend to the following conſiderations. 


1. ALL the cardiac nerves don't paſs be- 
tween the auricſes and arteries. Not to men« 
tion many ſmaller ones, there are two very 
conſiderable branches from the par vagum di- 


ſtributed to the muſcular ſubſtance: of the 
heart, which neither paſs between the two 


auricles, nor the two arteries, nor between 
the auricles and arteries, and therefore can- 


not be liable to any alternate compreſſion 
from them +, | | | 


2. J 
* Inſtitut. med. ſect. 409 


+ Vid. Zower, de corde, edit. Lugdun. Batav. p. 18. 
tab, A. lt, II. | 


other INvoLUNTARY MoT1oNs. 29 


2. I believe. it will be difficult to perſuade . 
unbiaſſed inquirers, that the nerves (ſuppo- 
ſing they all had their courſe between the 
auricles and arteries) ' can ſuffer any ſuch 
compreſſion as is here required ; conſidering 
the ſoftneſs of the parts, and the fat upon 
the external coat of the arteries and auricles 
which may well be imagined to defend them 
in a great meafure from it: beſides it is 
ſtrange that we dont obſerve other muſcles 
of the body become alternately or conſtantly 
paralytic, whoſe nerves run contiguous to any 
conſiderable artery, or are compreſſed by any 
preternatural tumor. Qui fit, obſecro, ſays the 
accurate Morgagn, ut nervi intercgſtalis mu- 
nera ab aſſidua arteriæ carotidis pulſatione non 
turbentur, præſertim cum is nervus non paſſit 
cedere, fed communis ipſi, & arteriæ oſſei fo- 
raminis parietibus allidatur? Qui fieri poſſet, 
ut in Veneta muliere, quam cum amicis diſſecui- 
mus, cum arteriæ ſubclavie ſiniſtræ ſuperiores 
poſticique parietes in aneuriſma expanſi, duos 
trefve nervos ex its qui ab inferioribus cervicis 
vertebris ad brachium deſeendunt, nulla prorſus 
inter pgſita re contingerent ; qui fieri, inquam, 


Valet, 
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poſſet, ut nulla tamen debilitas, nullus tor por in 


eo brachio fuerit animadverſus * ? 

Wu are not all the viſcera in the abdo- 
men, to which the intercoſtal nerves are diſ- 
tributed, agitated with alternate contractions 
anſwering to thoſe of the diaphragm, ſince 
theſe nerves, by paſſing through the fleſhy 
part of this muſcle, muſt be liable to com- 
preſſion every time inſpiration 1s performed ? 
And why do not many of the voluntary mu- 
ſcles, when ſtrongly contracted, cauſe palſies 
or ſtupors of the parts below them, by preſ- 
{ing upon the nerves to TIES they are con- 
tignous ? f 5 


3. It is to be remarked, that a ſlight com- 
preſſion of a nerve is not ſufficient to render 
the muſcle it ſerves paralytic: thus the ulnar 
nerve muſt be pretty ſtrongly comprefled a- 
gainſt a hard bone, before the ring and little 
fingers are deprived of their power of mo- 
tion ; nor does this happen without being at- 
tended with a diſagreeable ſenſation in theſe 


4. As 


* Mergagii adverſat. anat. vi. animad. 24. 
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4. As the compreſſion of the ulnar nerve 
does not immediately bring a palſy on the 
muſcles of the fingers now mentioned, but 
after it has been continued for ſome conſider- 
able time; ſo when this preſſure is removed, 
the motion of theſe muſcles does not return 
immediately and all at once, but by degrees, 
and not till after ſome time: wherefore, al- 
lowing the cardiac nerves were alternately 
compreſſed by the auricles and arteries, yet 
the heart ought not to be rendered inſtantly 
paralytic by ſuch compreſſion, nor ſhould 
immediately, upon its ceafing, recover its 
motion. But further, 


5. GRANTING the cardiac nerves ſuffer- 
ed as great compreſſion in their paſſage be- 
tween the auricles and arteries to the heart, 
as the advocates for this opinion could deſire; 
what will follow? an effect ſurely altogether 
different from that which is here contended 
for ; ſince the immediate conſequence of ſuch 
compreſſion muſt be the ſqueezing forward 
towards the heart, the ſpirits ſuppoſed to be 
contained in that portion of the nerves which 
is below where the compreſſion is made. If 

then 


ſect. iv. 
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then the nerves are hollow tubes which con- 
vey a fluid to the heart in order to its con- 
traction, the firſt and moſt immediate effect 
of their being compreſſed by the dilatation 
of the auricles and arteries, muſt be a quick- 
er propulſion and more copious derivation of 
the ſpirits into its fibres; 1. e. the heart ought 
to be moſt ſtrongly contracted, at the time its 
diaftole is obſerved to begin. And in fact 
we find, that a ligature made on the par 
vagum is ſo far from rendering the heart im- 
mediately paralytic, and preventing its con- 
traction, that it cauſes ſtrong convulſive 
motions or palpitations of this muſcle. 


6. Taxis ſuppoſed alternate compreſſion of 
the cardiac nerves by no means accounts for 
the motion of the auricles, whoſe ole hap- 
pens when their nerves ought to be compreſ- 
fed, and conſequently when the derivation of 
the ſpirits into them ſhould be intercepted. If 


it be ſaid, that the auricles are ready to con- 


tract when the /y/zo/e of the ventricles begins, 
but that, being weaker muſcles, they muſt 
wait till this is over *? I anſwer, that then, 


during 
* Bellin, de motu cord. prop. 2. Keil's anatomy cap. 3. 


%% A a Ss ode. 
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during the contraction of the ventricles, the 
auricles ſhould become pale and tenſe; 
ſince, when the influence of the nerves is 
copiouſly determined into any muſcle, it be- 
comes equally hard, whether it be allowed 
to contract, and its extremities to approach 
each other, or not. But further, as an in- 
flux of ſpirits into the fibres of any muſcle, 
muſt be immediately followed by an en- 
deavour in them to contract, ſo if this be 
prevented; as ſoon as the ſpirits are again in- 


| tercepted, their influence to produce any 


contraction will ceaſe. This is evidently the 
caſe with ſuch muſcles as are under the 
power of the will, where any ſudden but not 
continued effort, if it is not allowed that in- 
ſtant to take effect, immediately vaniſhes; nor 


s it to be doubted, that the ſame thing muſt 


happen to the auricles of the heart. But, be 
this as it will, it is evident, that the alternate 
motions of the auricles cannot be owing to a- 
ny compreſſion of their nerves; ſince it is ac- 
knowledged, by the beſt Anatomiſts, that the 


courſe of theſe nerves is ſuch, as cannot ſub- 


| jc them to any alternate preſſure *; which 


E 18 
* Lmwer de corde, p. 18. tab. A. Iit. II. 
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is alſo true of all the cardiac nerves in thoſe a- 
nimals whoſe hearts have only one ventricle. 


7. In dying animals, the right ventricle 
continues to contract after the left one has cea- 
ſed, and the right auriele performs its motions 
for ſome time after its ventricle . Theſe al- 
ternate motions of the right ventricle and au- 
ricle cannot, however, poſſibly ariſe from any 
compreſſion of their nerves; fince, in the firſt 
caſe, neither the aorta nor left auricle are di- 
lated with blood at the end of the /y/ftole of 
the right ventricle; and in the latter, the 
pulmonary artery alſo remains empty. Fur- 
ther, the hearts of many animals, after be- 
ing ſeparated from their bodies, continue for 
ſome time to be alternately contracted and re- 
laxed with great regularity, when there can 
be no alternate compreſſion to intercept the 
nervous influence at the end of every /y/ole. 


8. LASTLY, It may well be looked upon as 
a defect of this theory of the heart's motion, 
that it does not any way aſſiſt us in explaining 
the ſpontaneous action of other organs in the 
body, 

* Harvey de mot. cord, et ſang. cap. 4. 
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body, whoſe nerves cannot with any colour 
of reaſon be ſuppoſed liable to an alternate 
compreſſion. 

Sox have imagined, that, as the interco- 
ſtal nerves paſs through the ſame holes of the 
cranium with the carotid arteries, they muſt 
therefore ſuffer ſuch compreſſion from the 
diaſtole of theſe arteries, as ſhall render the 
heart paralytic at the end of every Hole. In 
anſwer to which, it may be ſufficient to aſk, 
why the other muſcles and viſcera which re- 
ceive nerves from the intercoſtals, do not ex- 
actly correſpond with the heart in their moti- 
ons ; or why the auricles and ventricles of the 
heart are not contracted and relaxed at the 
fame time ? 

THe learned De Gorter, fully aware that the 
ſuppoſed alternate compreſſion of the cardiac 
nerves afforded no ſatisfactory account of the 
motions of the heart, ſuppoſes that vital or 
involuntary motion is owing to one and the 
ſame cauſe, both in the heart and other organs 
of the body: this cauſe he imagines to be ſuch 
a ſtructure of the involuntary muſcles, that, 
when their fibres are dilated by the ſpirits, 
the ſmall neryes which paſs between them are 

compreſſed ; 
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compreſſed; ſo that no ſooner are the fibres 
inflated, than the ſpirits are intercepted, and 
conſequently the muſcle begins to be relaxed; 
but this relaxation of the muſcular fibres, free- 
ing the nerves from compreſſion, the ſpirits 
are tranſmitted as formerly, and the muſcle is 
contracted anew. And in this manner he fan- 
cies that, as long as life remains, the muſcles 
of involuntary motion muſt be alternately con- 
tracted and relaxed *. But, 


1. Nor to inſiſt, that this ſtructure of the vi- 
tal organs is entirely hypothetical, and unſup- 
ported by any experiment, or microſcopical 
obſervation ; it may be aſked, why all the vi- 
tal organs are not contracted, and relaxed at 
the ſame inſtant; or at leaſt why the motions 
of ſome are renewed after ſhorter, of others 
after _ intervals? 


2. Ir ſuch were the ſtructure of the mu- 
{cles of ſpontaneous motion, that their con- 
traction muſt be immediately followed by their 
relaxation, how comes it, that, by an effort 
of the will, we can keep the diaphragm in 

| N 
Gorter de motu vitali, ſect. 39. 
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its ſtrongeſt ſtate of contraction, as long as 
we pleaſe? and why does not the relaxation 


of this muſcle neceſſarily follow its contra- 


ction, if its alternate motions depend on a ge- 
neral ſtructure, common to it with the heart 
and inteſtines ? 


3. In caſes where the lungs are obſtructed 
and reſpiration 1s rendered difficult, we find, 
that, even in time of ſleep, other muſcles 
beſides the common inſpiratory ones are 
brought into alternate contractions, in order 
to raiſe the ribs, and enlarge the cavity of 
the thorax ; whence it appears, that muſcles 
of the voluntary kind may, on certain occa- 
ſions, be employed in the performance of 
the vital motions; and that there is nothing 
therefore in the ſtructure of theſe muſcles 
peculiarly fitting them for ſuch alternate mo- 
tions, 


4. FURTHER, the pupil (whoſe motions 
are as involuntary, and as little perceived by 
us as thoſe of the heart) is not immediates 
ly relaxed, after having been contracted by 
the admiſſion of light into the eye, but it 

remains 
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remains in the ſame degree of contraction, as 
long as the ſame quantity of light is tranſmit- 
ted to the retina; which could not happen, 
if any ſuch ſtructure really obtained in the 
muſcles of the wvea, as De Gorter ſuppoſes 
in the muſcles of involuntary motion. We 
reject therefore his theory, not only as a mere 
bypothefis without any foundation, but as 
wholly inſufficient to explain the various 
phærnomena of ſpontaneous motion, 

Som ingenious Phyſiologiſts have ima- 
gined the contraction of the heart to be ow- 
ing to the elaſtic power of its fibres, which, 
after they have been ſtretched by the return- 
ing venous blood dilating the auricles and 
ventricles, reſile, like a bent bow, with a con- 
ſiderable force. But the force with which 
a ſpring recoils, is ever proportional to the 
power which bent it; wherefore, ſince the 
ſides of the heart contract with a much 
greater power than that with which they 
were forced aſunder, the ole of this mu- 
ſcle cannot ariſe merely from the elaſticity 
of its fibres, but muſt be owing to ſome ad- 
ditional impetus at that time communicated 
to them. 

Tuus 
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48 Tuus much being premiſed, in order to 

t. EZ ſhew the weaknels and inſufficiency of ſome 

n, of the moſt plauſible theories, that have 

le hitherto appeared concerning the heart's mo- 

88 tion; we ſhall endeavour, in the following 

Section, to give ſuch an account of its /y/fole, 

re as it is hoped will appear no leſs ſu 

as by reaſon and analogy, than founded in ex- 

as periment and obſervation, as well as ſtrong- 
= ly confirmed from its fully anſwering all the 

a- © phenomena. 

a 

h, 

wi SECT 

n- Of the ſyſtole of the heart, 

ch | | 

ne Erokr we inquire into the cauſes of 

he the alternate motions of the heart, it 


ch will be proper briefly to mention and de- 
ey ſcribe the three different ſtates of that mu- 


u- © fſcle, vs. its contraction, relaxation, and di- 
ty & latation ; of which the firſt and laſt may be 
d- Z faid to be violent, and the ſecond only natu- 


ed ral to the heart. During its Hole, the heart 


18 
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is contracted in all its dimenſions , and its 
ſubſtance becomes remarkably hard: This 
ſtate, which ſcarcely laſts one third of the 
time interveening between each contraction, 
is followed by a general relaxation of the 
|| heart, by which this muſcle becomes ſoft and 
| | flabby, and is rendered ſomewhat longer. Bar- 
| tboline calls this the periſyſtole of the heart +. 
W | It continues a much ſhorter time than the 
} fy/tole, the ventricles being inſtantly, after 
1 their relaxation, filled with the returning 
: l venous blood, and diſtended much beyond 
Il their natural capacity, or that which they 
are obſerved to have in animals newly dead; 
when the fibres of the heart are neither con- 
trated nor dilated by any adventitious force, 
but left entirely to themſelves, The diaſtole 
of 
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2 * On os OT —ä K 4 — — wa x ew; 


| 

/ 
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* It has been warmly diſputed, whether the heart is 
ſhortened or elongated in the time of its /y/fole. But, after 
carefully inſpecting the hearts of frogs and eels, both in 
the body and when ſeparated from it, I can't help (not- 
withſtanding the authority of inflow on the other ſide) 
agreeing with Dr. Hunauld and others, who affirm, that the 
heart is diminiſhed in length, as well as in breadth, when it 
begins to contract. Vid. hiſtoire acad, des ſciences 1731, 
edit.-8vo. p. 33. &e. | 


Anatom. p. 37. 377. 378. 
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of the beart being thus fully completed, its 


ſtole immediately enſues. 


SUPPOSING the heart now in its full diaſtole ; ; 
let us inquire what change has happened 
to it ſince the end of the preceeding /y/tole, 
which may be ſuppoſed capable of bringing 
it into a new contraction. We have already 
ſhewn, that the nerves of the heart are not, at 
this time, freed from any compreſſion which 
a little before could have rendered it paraly- 
tic. And if one ſhould ſuppoſe ſome general 
ſtructure in the ferebellum, which determines 
the vital ſpirits through its nerves alternate- 
ly, and as it were in ſucceeding waves, yet 
this would not account for the motions of 
the heart; ſince the alternate contractions 
of this muſcle continue for ſome time after all 
communication between it and the cerebellum 
has been cut off. Further, as the contractions 
of ſome of the organs of vital motion are 
performed after ſhorter, of others after longer 


intervals, we muſt neceſſarily ſuppoſe, at the 


origin of the nerves belonging to each organ, a 
different cauſe alternately determining the ſpi- 
rits into it. But of ſuch hypotheſes, without ei- 
ther proof or probability, there can be no end. 

F DukIxG 
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DvuriNG the digſtole of the heart, all 


its coronary veſſels, which were in a great 
meaſure emptied by the preceeding Hole, are 
filled with blood violently puſhed into them 
by the contraction of the aorta : but as the ar- 
terial blood is not immediately neceſſary to the 
contraction of a muſcle *, and ſeems only to 
contribute to it in a ſecondary way, this alone 
will be thought far from being ſufficient to ac- 
count for the ſucceeding ole of the heart. 
Tis true indeed that warm water, injected in- 
to the arteries of an animal newly dead, ex- 
cites the muſcles, to which theſe arteries are 
diſtributed, into contraction. But this contra- 
ction is ſo weak and fo unlike that of the heart, 
that I perſuade myſelf, hardly any one, will, 
from this experiment alone, imagine the Mole 
of the heart, to be owing to the arterial blood 
puſhed forcibly through all its veſſels, in the 
time of its diaftole ; eſpecially fince we don't 
obſerve the leaſt degree of an alternate mo- 
tion in the ſphincters of the anus and bladder, 
from the blood heing more ſtrongly impelled 
through their veſſels, upon every contraction 
of the heart, than during its diaſtale. This 
matter however is put entirely beyond diſpute, 


by 
* Sect. 1. No 3. of this Eſſay. 
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by the heart's continuing to repeat its contra- 
tions, not only after the coronary arteries, 
and pulmonary veins are tied, but after it is 
ſeparated from the body. The blood then 
with which the coronary veſſels of the heart 
are filled during its diaſtole, being as inſuffi- 
cient as is the ſuppoſed compreſſion of the 
cardiac nerves, to account for its ſucceedin g 
ole; it remains, that we next inquire, what 
influence the returning venous blood, with 
which the ventricles of the heart are diſtended 
during its diaſtole, may have in producing its 
ſubſequent Hole. And is it not reafonable 
to ſuppoſe, that this fluid returning by the ca- 
væ and pulmonary veins, and ruſhing into the 
cavities of the heart, with a conſiderable force, 
muſt by diſtracting its fibres, as well as by its 
motion and attrition upon the ſcabrous ſurface 
and fleſhy pillars of the ventricles, ſo ſtimu- 
late and affect the ſenſible nerves and fibres of 
the heart, as to bring it immediately into con- 
traction *. 

Trovcn ſome authors have long fince a- 
{cribed the alternate motion of the heart, to 
the irritation of the blood received by turns 

into 


* Sect. 1. No 8. q. Ec. 
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into its cavities &; yet as this cauſe has been 
much overlooked by many later writers, and 
not rightly underſtood by ſome others, we 
ſhall endeavour to confirm, and illuſtrate the 
manner of its influence, by a variety of ar- 
guments. | 

WVͤIIx ſome authors have aſcribed the con- 
traction of the heart ſolely to the blood, con- 
ſidered as a ſtimulating fluid, which irritates 
the internal ſurface of its ventricles; others 
have been unwilling to allow, that the blood 
acts in any other ſenſe as a /?zmulus, upon the 
heart, than as by its weight and impulſive 
force it ſtretches and diſtracts the fibres com- 
poſing its ventricles +. But the increaſed mo- 
tion of the blood, from the contagion of the 
ſmall pox, meaſles, Sc. and after eating or 
drinking any thing acrid, as well as the power 


which acrid or ſtimulating things have in re- 


newing 


* Certumque eſt, veſiculam dictam, ut et cordis auri- 
culam poſtea, (unde pulſatio primum incipit) a diſtenden- 
te ſanguine, ad conſtrictionis motum irritari. Harvey de 
general, animal, exercit. 51. | 

Fibre cordis virtute micationis vitalis ſanguinis in ejus 
ventriculis contenti, per vices irritatae, excitantur ad ſe con- 
trahendas et pulſationem faciunt, mox irritatione remiſſa 
Telaxantur. Gliſſon de ventricul. et inteſtin. cap. 7. p. 170. 


+ Senac. traitè du COEUR, lib. 2. cap. 4. ſet. 4, 
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newing the heart's motion after it is ſeparated 
from the body, are circumſtances which ſhew, 
that the contraction of the heart is not ſolely 
owing to its fibres being diſtracted by the mo- 
ment of the blood, but partly to the irritation 
communicated to its internal ſurface by the 
particles of this fluid. And the remarkable 
diminution of the periſtaltic motion of the 
guts, when the cyſtic byle is hindered from 
flowing into them, makes it evident that the 
ſtretching of the fibres of the inteſtines, by 
the contained air and aliment, is not the ſole 
cauſe of their ſucceeding contraction. On the 
other hand, the increaſe of the heart's moti- 
on from exerciſe, or from any other cauſe, 


whence the blood is returned in greater quan- 


tity, and with more force, its diminution 
by blood-letting, the phenomena of the moti- 
on of the ſtomach, and of the expulſion of the 
vrine and fœces &; all theſe particulars, I ſay, 
prove, that even the diſtenſion of hollow mu- 
{cles has, a remarkable influence towards ex- 


_ citing them into action +.—And that the blood 
is extremely well fitted, to act upon the heart 


as a ſtimulus, in both theſe ways, will appear, 


* Yee ſect. 5. below. 
See ſect. 1. No 8, above. 
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if we conſider its compoſition, heat, inte- 
ſtine motion, what qualities it may probably 
receive from the air, and the force with 
which it ruſhes into the cavities of the 


heart, 


1. As to its compoſition. The blood con- 
fiſts of the ſame principles with our aliments, 
and conſequently abounds with falts and 
oils. The falts of the blood are partly of 
the fixed neutral kind, and partly rendered as 
it were ſemivolatile by the heat and motion 
to which they are ſubjected; both are ex- 
tremely apt to irritate very ſenſible nervous 
parts; for we know that any kind of falt 
applied to the eye gives remarkable uncaſi- 
neſs.— The oils in the blood are either thoſe 
of animal ſubſtances, the expreſſed oil of 
vegetables, their attenuated oil by fermenta- 
tion, commonly called alcho/, or laſtly the 
acrid oil of aromaticks. 'The two firſt are 
no way acrid or fit to act as a ſlimulus, un- 


leſs they have been highly attenuated by long 


expoſure to heat, or by attrition; the two 
latter, via. ardent ſpirits and the oil of aro- 
matics are very apt to irritate the tender 


fibres 
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fibres of live animals. Hence it is that ſpi- 
rituous liquors largely drunk and hot ſpices 
too freely uſed, quickly raiſe the pulſe, and 
make the heart as it were redouble its contra- 
ctions. Hence eating animal food or drink- 
ing ſtrong liquors, which abound with 
ſaline and acrid particles, remarkably quick- 
ens the circulation, and increaſes the heat of 
the body, while a dinner of milk, mild 
herbs, or cooling fruits, makes little altera- 
tion in the pulſe. The blood therefore as it 
is impregnated with ſalts and attenuated acrid 
oils, muſt be very well fitted to give a gentle 


# /iimulus to thoſe ſenſible nerves and mem- 


branes which line the auricles and ventricles 


of the heart. 


Ir it be objected, that the blood Morena 
no acrimony to the tongue, nor ſenſibly irri- 


tates the eye; it may be ſufficient to anſwer, 


that, though this fluid be remarkably falt to 
the taſte, yet I don't aſcribe the whole ſtimu- 
lating power of the blood to its acrid par- 
ticles alone, but to theſe in conjunction with 
ſeveral other qualities and circumſtances juſt 
now to be conſidered. But further, al- 
though the blood did not diſcover the leaſt 


degree 
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degree of acrimony when applied to the 


nerves of the tongue (which however 1s not 
the caſe), yet it might be fitted to act as a 
very powerful ſimulus upon other nerves of 
the body, differing from theſe in their conſti- 


tution and greater ſenfibility.—Many poiſons, 


eſpecially of the antimonial kind, are void of 


almoſt any degree of acrimony, as far as we 
can judge by the taſte z yet they ſo ſtrongly 


and diſagreeably affect the nerves of the ſto- 
mach, as to bring this bowel, together with 
the neighbouring parts, into violent convulſi- 
ons, and produce a train of the moſt direful 
ſymptoms; by which all the functions of the 


animal frame are greatly difordered, inter- 


rupted or finally ſtopt. The roots of the ci- 
euta aquatica are ſweetiſh, but neither acrid 
nor difagreeable; and cataplaſms of them ap- 
plied to inflammed or ulcerated parts, occa- 


ſion no bad ſymptoms &; yet, when taken into 


the ſtomach, they ſoon throw the whole body 


into the moſt terrible convulſions, which ge- 
nerally end in death.——The berries of the 


rhus myrtifolia monſpeliaca, though there be no- 
thing in their taſte or ſmell to render them ſu- 
ſpected, 


* IVepferi hiſtoria cicut. aquat, p. 84. 
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ſpected, yet act ſo powerfully upon the nerves 


of the ſtomach, when ſwallowed, that, in 


half an hour after, they bring on an epilepſy, 
whoſe repeated attacks kill the patient in leſs 
than 24 hours *®.—Viper's poiſon affects nei- 
ther the nerves of the tongue nor ſtomach 
with any diſagreeable ſenſation; yet the ſmal- 
leſt drop of it received by a wound into the 
blood, ſeems not only to act as a ferment 
upon this fluid, but, by its ſtimulating qua- 
lity, to affect moſt violently the whole ner- 
vous and vaſcular ſyſtem. The putrid ex- 
crement which gives no diſturbance to the co- 
hon or rectum, till by its quantity it overſtretches 
their fibres, would create ſickneſs and vo- 


miting in the ſtomach. — Urine which ſcarce 


ſtimulates the bladder till it begins to diſtend 
it too much, when injected into the great guts, 
proves a good purgative clyſter. Warm blood 
received into the ſtomach by a rupture of any 
of its veſſels, proves very ungratefultoits nerves, 
but no way offends the nerves of the heart 
or arterial ſyſtem. Every one knows what 
remarkable changes happen in the body about 
the time of puberty: theſe changes are ge- 


G nerally 
* Memoires acad. ſciences 17 39. edit. 8vo, p. 627. 
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nerally and not without reaſon aſcribed to the 
ſemen, which now begins to be duly prepa- 
red; they do not however ſeem to be owing 
ſo much to the reception of the finer parts of 
this fluid into the blood, as to its peculiar a- 
ction upon the nerves of the tees and veficulez 
ſeminales; yet the ſemen, when applied to the 
nerves of other parts of the body, neither 
ſenſibly titillates them, nor produces any re- 
markable effects. | | 
Thus if appears from a variety of ex- 
amples, that the nerves of difterent organs 
in the ſame animals are ſo conſtituted, as to 
be very differently affected even by the ſame 
things : So that we cannot abſolutely take 
upon ourſelves to judge, by our taſte or 
ſmell, how far any liquor may or may not 
be adapted to act as a ſimulus upon the nerves 
of a particular organ; and, conſequently, 
that although the blood ſcarce acts as a ſlimu- 
lus upon the eyes and tongue, it may never- | 
_ theleſs give ſuch a gentle irritation to the 
nervous papillæ of the heart, as may be ſuf- 
ficient to excite this muſcle into contraction: 
which will further appear, if we confider | 
the heat of this fluid, 
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2. Har ſeems to be no more than a vio- 
lent vibration or motion in the ſmaller parts of 
bodies; therefore the blood, as it is a warm 
fluid, muſt have its particles agitated by per- 
petual vibrations, which muſt be communi- 
cated to the nervous papilla on the ſides of 


the heart, and excite-in them correſponding 


oſcillations : beſides, as the blood abounds 
with oily and ſulphureous particles, it muſt, 
by its motion and attrition againſt the veſſels, 
acquire vibrations ſtill more remarkable. _ 
Tae effect which heat has in exeiting the 
muſcular fibres of animals into contractions, 
and thus promoting the circulation of the 
fluids, . is too well known, to admit of any 
doubt. By different degrees, of warmth or 
cold, inſets and the chick in the ſhell, 
may at pleaſure be made more or leſs lively, 
conſigned to death or reſtored to life *. 


3. Tux particles of the blood, beſides 
the oſcillations they are put into by heat, 
are agitated by a motion of another kind. 

As 


* Vid. Harvey de motu cordis, cap. 17. de genera- 
tione animal. exercitat. 17. & Reaumur. hiſtoire des 
inſectes. tom. 2. memoire 1. 
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As vegetables make up the chief part of our 
aliment, the chyle is generally aceſcent ; yet 
the blood and other perfectly elaborated ani- 
mal juices are of a contrary nature, ever tend- 
ing to putrefaction, and when heated by the 
fire, afford a volatile inſtead of a fixed alca- 
line falt : ſuch a change in the nature of the 
chyle, could not be produced without an in- 
teſtine motion of its particles; which we 
find to be the grand inſtrument of nature 


in changing the texture and diſpoſitions of 


all vegetable and animal bodies *- This in- 
teſtine motion added to the vibrations of the 
particles of the blood from heat, will till 
better qualify it for acting as a ſlimulus upon 
the extremely ſenfible and tender nerves of 
the heart. 
G9 4. SIR 


* It is as unreaſonable to deny any degree of inteſtine 
motion in the fluids of animals, becauſe this is not per- 
ceived by our ſenſes, as it would be to argue againſt their 
being poſſeſſed of any degree of heat, becauſe we are not 
ſenſible of their warmth when moving through our veſſels. 
A fluid, ſuch as the blood, compoſed of various and diſ- 
agreeing particles, whoſe attractive and repulſive powers 
are very different, and upon which the ſame degrees of 
heat and friction muſt have different effects, cannot fail, 
by its rapid motion, to have its globules and their conſtituent 


parts agitated with briſk vibrations. 


other INvoLunTARY MoT1ons. © 53 


4. $1R Jaac Newton imagined, that the 
beating of the heart was continued by an a- 
cid vapour in the air, received into the 
blood by means of reſpiration *. Even the 
hints and conjectures of ſo great a man de- 
ſerve uncommon regard ; and, as he was no 
leſs remarkable for his caution in advancing 
hypotheſes, than for his deep knowledge of 
nature, we may readily believe he did not 
propoſe this opinion to the world without 
ſome good reaſons, although, as they were 
not quite ſatisfying to himſelf, he has ſup- 
preſſed them, and left the further clearing 
of this matter to poſterity. 

Wuar it is in the air which is ſo neceſſary 


| to the continuance of animal life, I ſhall not 


pretend to ſay; but it ſeems highly pro- 
bable, that the death of animals in a con- 


fined ſtagnant air, 1s neither wholly owing 


to its want of elaſticity, its too great heat, 
or moiſture : and if this be ſo, reſpiration does 
not ceaſe in ſuch air, on account of its abſolute 
unfitneſs to dilate the veſicles of the lungs, 
but becauſe the animal ſoon becomes unable 

to 


Optics, edit. 8vo, p. 355: 
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to move duly the muſcles, whoſe action is 
required for enlarging the thorax: This 
ſeems to happen only from a failure or want 
of the influence of the brain and nerves, and 
this laſt from a more languid propulſion of 
the fluids by the heart. If then we allow 
the air to be impregnated with an extremely 
active vivifying ſpirit, which being mixed 
with the blood in the lungs, beſides its o- 
ther effects, acts powerfully as a ſſimulus up- 
on the auricles and ventricles of the heart; 
'tis eaſy to ſee, that, as ſoon as this ſpirit is 
conſumed in a confined air, the heart's mo- 
tion muſt flag, and conſequently all the 
vital and animal functions become more and 
more languid, till death at laſt enſues. 
But this only by way of conjecture. 


5. A body, whether fluid or ſolid, of a 
nature which qualifies it to act as a ,imulus, 
will excite ſo much the ſtronger irritations, 
by how much the greater force it is appli- 
ed with, to the ſenſible part; ſince its a- 
cute, acrid, or otherwiſe active particles, muſt 
by this means ſtrike more ſtrongly againſt the 
extremities of the tender nerves. Hence the 
blood, 
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plood, which we have ſhew to be well fitted 
for gently irritating the ſenſible membranes 
of the cavities of the heart, muſt, by its be- 
ing puſhed into them with a conſiderable force, 
act with ſo much the greater energy. But 
further, as by the blood ruſhing impetuouſly 
into the auricles and ventricles of the heart, 
theſe cavities are dilated beyond their natural 
capacity, ſo the diſtraction which their fibres 


muſt ſuffer on this occaſion, cannot fail to 


produce ſome ſort of irritation, and thus prove 
2 ſlimulus to their ſubſequent contraction “. 
Agreeable to this, Wepfer has obſerved, that 
after one vermicular contraction of the ſto- 
mach is performed, another does not ſucceed, 
till this bowel begins to be remarkably ſwel- 
led in its middle part by the rarified air con- 
tained in it, or generated by the diſſolving a- 
liments: But this diſtenſion of the ſtomach no 

* ſooner 


It here deſerves particular notice, that while the ven- 
tricles of the heart are extended much beyond their natu- 
ral ſize, by the force of the refluent venous blood, the ten- 
dineo- carnous chords which often run from one ſide of the 
ventricles to the other t, muſt be conſiderably ſtretched and 
elongated; which cannot fail to produce an irritation in 
theſe parts, and conſequently to contribute towards exci- 
ting the ſucceeding Foal of the heart. 


+ Vid. Couper's myotom. reformat. tab. 39. let. Y. & tab. 
40. let. /. 
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ſooner happens, than a new contraction of it 
begins, which proceeding on towards the 
pylorus, expels part of this air, and of the di- 
geſted aliment, into the duodenum; after which 
this orifice collapſes, and a new intumeſcence 
of the ſtomach quickly enſues . Hence it 
appears how great an analogy there is, be- 
tween the cauſes of the alternate contraction 
of the heart and ſtomach ; both being exci- 
ted, partly by the diſtraction of their fibres 
by a diſtending cauſe, and partly by the irri- 
tation of their ſenſible nerves by a ſtimula- 


ting one. In like manner the contraction of 


the b adder of urine, and the deſire of evacu- 
ating this fluid, is not only owing to its acri- 
mony ſtimulating the nerves of the bladder, 
but alſo to its quantity overſtretching the coats, 
and diſtracting the fibres of this organ. 
Uro the whole, from what has been ſaid, 
it may appear, that as the violent motion of 
the fluids, and uncommon contractions of the 
heart and arteries in the ſmall pox, meaſles 
and other feveriſh diſeaſes, is in a great mea- 
ſure owing to ſome foreign particles mixed 
with the blood, whence it ſtimulates the ſolids 


more 
* IFepfer de cicut. aquat. p. 177. 
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more ſtrongly; ſo the ordinary and leſs vio- 
lent motion of the heart, is owing to the gen- 


tler /imulus of the fluids in a ſound ſtate. 


FURTHER, that the alternate contractions 
of the heart are excited in the manner above 
explained, a variety of other arguments con- 
cur to ſhew. 


1. Tx quickneſs and ſtrength of the heart's 
motion are, ceteris paribus, always proporti- 
ohal to the force with which the venous blood 


returns to its ventricles by the venæ cave and 


pulmonary veins: hence exerciſe of any kind 


accelerates the motion of the heart, and increa- 
ſes the force with which it contracts: a fit of 
laughter will quicken the pulſe above twenty 
beats in a minute *: upon an intermiſſion of 
reſpiration, the pulſe becomes ſmaller, but 


recovers its former ſtrength immediately after 


repeating it again +. 


2. IT appears from Dr. Hales's experiments, 
that the blood returns to the heart by the two 
venæ cave with nearly rf the force with 


H which 


* Robinſon on the animal ceconomy, prop. 21. 
+ Ibid, prop. 24. 
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which it was puſhed into the aorta; and as 
the left ventricle of the heart is at leaſt three 
times ſtronger than the right, the returning 
venous blood will endeavour to dilate the right 


ventricle with a force nearly equal to ; of the 
power with which it uſually contracts in the 


time of its Mole; and this even without taking 
into the computation the additional impetus 


communicated to the blood by the contraction 


of the right auricle: but, by violent ſtraining, | 


the force of the blood in the veins is often 
rendered above four times greater than ordi- 
nary , and conſequently ſuperior to that with 
which the right ventricle contracts when the 
body is at reſt: wherefore, if we do not al- 
low the ſtrength with which the ventricles of 


the heart contract, to depend in a great mea- | 


ſure upon the action of the venous blood upon 


them, it will be difficult to conceive how the 
right ventricle ſhould be able to overcome the | 


force with which the blood ruſhes into it, up- 


on any ſtraining or violent exerciſe, and in | 


horſes running at full ſpeed.” Moreover, it 
is evident, from the ſtate of the pulſe in pe- 
ripneumonies, both before and after blooding, 


as 


* Hales's ſtatical eſſays, vol. 2. p. 14. & 161. 
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as alſo from the remarkable increaſe of the 
force of the blood in the aorta and its branch- 
es after deep ſighing *, that the ſtrength with 
which the left ventricle of the heart contracts, 


is immediately increaſed or diminiſhed, ac- 


cording as the blood is ſqueezed with more 
or leſs force 8 the 8 veins into 
its cavity. 01545 


3. Ir is very obſervable, that the auricles 
and ventricles of the heart are no ſooner fil- 
led with the refluent blood, than they imme- 
diately begin to contract; which ſtrongly in- 
dicates the influx of this fluid to be the cauſe 
exciting their ſubſequent contraction. In dy- 
ing animals, thoſe cavities of the heart ceaſe 


from motion firſt, which are firſt deprived of 


the returning venous blood: hence in live diſ- 
ſections, a little before death, when the blood 
is not puſhed by the force of the right ven- 
tricle beyond the capillary arteries of the lungs, 
the left ventricle being deprived of its ffimu- 
lus, is obſerved firſt of all to give over mo- 
tion, and ſoon after it the left auricle: but 


the right ventricle, being till ſupplied with 


blood 
* Hales's ſtatical Eſſays, vol. 2. p. 6. & 16. 
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blood from the two cave, continues its mo- | 
tions for ſome conſiderable time; and, even | 
after it ſeems to die, the alternate motions of | 
the right auricle are kept up by the ſmall 
ſtream of blood which flows into it from the RF 
cava. This however is not ſufficient to actu- 
ate the right ventricle, till after ſeveral con- 
tractions of the auricle, more blood being 
collected in it, it begins anew to tremble, 
and, as it were with ſome ſtruggle and diffi- | 
culty, flowly performs another contraction. 
Laſtly, after both the right ventricle and au- 
ricle have wholly loft their motion, the right | 
Anus vengſus continues for ſome little time gen- 
tly to palpitate, and its tremulous motion, 
when about to ceaſe, may, like that of the 
heart, be renewed by heat, or any thing elſe 
that is capable to irritate its fibres . Dr. 
Langriſb tells us, that in a dog whole thorax FI 
he opened, and whoſe lungs he kept playing 
with a. pair of bellows, the auricles begun 
the motion, and the ale of the ventricles | 
always inſtantly followed that of the auricles, | 
When he deſiſted from blowing freſh air into 
| the 


* Harvey de motu cord. cap. 4. & Walzus de motu chy- 
Ji & ſang, epiſt. 1, ad fin. Bartholn, anat. p. 783. & 784. 
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the lungs, the heart lay ſtill, but recovered 
its motion when the lungs were ſtrongly diſ- 
tended anew. In this action he never could 
diſcern that the-ventricles began the motion, 
but the auricles always contracted firſt, and 
immediately after them the ventricles; tho' 
at laſt he obſerved ſeveral contractions of the 
auricles which were not ſucceeded by any 
motion in the ventricles *, From what has 
been faid it plainly appears, why the motions 
of the auricles and ventricles are not ſynchro- 
nous, vi. becauſe they receive into their ca- 
vities at different times the returning blood, 
which, as a ſtimulus, excites them into con- 
traction. | 


4. PEOPLE frequently recover from a /erpo- 
thymia and ſyncope as it were ſpontaneouſly, 
and without any external aſſiſtance, becauſe 
the chyle and lymph continue, by means of 
the periſtaltic motion of the guts, to be for- 
warded to the ſubclavian vein and cava; at 
the ſame time that the venous blood, partly 
by the contractile power of the greater arte- 
ries, and the oſcillatory motions of the vaſa 

minima 

* Cronean lectures, p. 61. 62. 
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minima, and partly by the conſtriction of the 
cutaneous veſſels from cold, is tranſmitted into 
the branches of the two venæ cave, and for- 
warded to the right auricle of the heart, 
which it firſt ſtimulates into contraction; and 
immediately afterwards ſets the right ventricle 
alſo a going, Nay many people who have 
been dead in appearance, have been reſtored 
to life by blowing air into their lungs, and 
thus communicating a new motion to the 
ſtagnating blood in the cava inferior and pul- 
monary veins. Of this we have a remarkable 
inſtance recorded in the Edinburgh Medical 
Eſſays, vol. 5. art. 5 5.; where we are told, 
that a man was brought to life, by diſtending 
his lungs with air, and putting the blood in 
the pulmonary veins and left finus venoſus into 
motion, after his heart had remained at reſt 
for at leaſt half an hour “: and that it was 
in this way that the blowing into his lungs re- 
covered him, is evident; ſince no ſooner were 
the lungs thus dilated, than immediately the 
heart begun to move, and fix or ſeven very 
quick 

* The inflation of the lungs, by preſſing the Vena cava 


inferior, muſt alſo have communicated a motion to the 
blood in the right /inus venoſus. 
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quick beats were felt below his left breaſt ; 
after this, the lungs continuing of themſelves 
to play, a pulſe was ſoon perceived in the ar- 
teries. Hence it appears, that, in order to 
ſet the heart a going, and reſtore life in ani- 
mals which are not irrecoverably dead, it is 
only neceſſary to communicate ſuch a motion 
to the blood in the cava or pulmonary veins, 
as may enable it a little to dilate the auricles 
and ventricles of this muſcle. 


5. Tux heart after it has ceaſed to move, 
is not only ſet a going again by determining 
the venous blood into its cavities, but, in ani- 
mals which have been for ſome time dead, 
its motion may be renewed by blowing air 
through the thoracic duct or vena cava into 
its right auricle and ventricle, or through the 
aorta into its left ventricle. Thus, while 
Peyerus was endeavouring to diſtend the re- 
ceptaculum chyli and thoracic duct with air, 
the heart was not only rendered turgid by 
this fluid which had made its way into it, 
but immediately began to vibrate, and con- 
tinued its motions for ſeveral hours *. The 


ſame 


G Peyeri parerg 7. p. 199. and J/epfer de cicut. aquat. 
p. 89. | 
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ſame experiment was afterwards repeated by 
Brunnerus on a dog with equal ſucceſs *, 
And Harderus relates that in a ſtork, which 
had beeen killed by poiſon, he made the 
heart renew its motion, by blowing air into 
the aorta +. Since, in theſe experiments, and 
in others which might be recited from other 
authors, the heart, which had lain quiet, 
and without any motion for a conſiderable 
time after death, was readily excited into con- 
traction by the air ſtretching its fibres, and 
probably ſtimulating its nervous papillæ; 
and ſince the heart, as we are told by Dr. 
Harvey, may, after it has ceaſed to move in 
an animal newly killed, be again put in mo- 
tion, by applying to it a little warm ſaliva þ ; 
we need not be at a loſs to account for the 
alternate motions of this muſcle in live ani- 
mals, 


* Experiment circa pancreas p. 21. 

ft Additamen ad Peyert parerg. 7. p. 201 

t In columba certe experimento facto, poſtquam cor 
deſierat omnino moveri, et nunc etiam auricle motum 
reliquerant per aliquid ſpatium, digitum ſaliva madefactum, 
et calidum cordi ſuperimpoſitum detinui : hoc fomento 
quaſi vires et vitam poſtliminio recuperaſſet, cor, et ejus au- 
riculac, moveri et ſeſe contrahere atque laxare, et quaſi 
ab orco revocari videbantur. Harv. de motu. cord. cap. 4. 
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mals; where a warm active fluid is alternate- 
ly puſhed into its cavities. 

THERE is only one objection, which at 
preſent occurs, to the above account of the 
heart's contraction, v/2. that its alternate mo- 
tions may be owing to ſome peculiar power 
reſulting from the ſtructure and conſtitution 
of its fibres, and that by virtue of this, it 
is enabled to continue theſe motions long 
after the blood has ceaſed to act upon it. In 
anſwer to which, it is ſufficient to "obſerve, 
that in dead animals in whom the motion of 
the blood is ſtopt, the heart remains at reſt 
till its vibrations are renewed by expoſing it 
to the open air, or by otherwiſe ſtimulating 
it *: whatever power therefore may be 
ſuppoſed to reſide in the fibres of the heart, 
a limulus of one kind or other is always ne- 
ceſſary to excite it into action. In living ani- 
mals this f/imulus is, as we have ſhewn, no 
other than the returning venous blood: in 
animals newly dead, warm water, air, and 
a variety of other ſimuli excite into action 


this power which ſeems to reſide in the 


fibres of the heart; which, whether it is 
I - owing 
* SeQ, xiii, below. 
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owing merely to their mechanical ſtructure, 
to the animal ſpirits lodged in them, or to 
ſome other cauſe, will more fully appear 
in the ſequel of this Eſſay. f 


er. IV. 


Of the relaxation and diaſtole of the heart. 
T TJ Avinc ſhewn that the Hole of the 


heart is owing to the returning venous 


blood acting upon its auricles and ventricles 


as a ſtimulus, it remains that we next inquire 
in what manner its relaxation and digſtole are 


brought about. 


Tu ventricles of the heart having, by | 
their contraction, expelled their contained 
blood into the aorta and pulmonary arteries, | 
are immediately after relaxed ; their fibres | 


loſing that tenſion and firmneſs which they 
had the moment before, This relaxation 


of the heart muſt neceſſarily follow its Mole, ; 


ſince the muſcles of living animals, after be- 
ing excited into contraction by any ſtimulus 
applied to them, are quickly relaxed again “. 


What 
* Se. i. Ne 10. & 11. above. 
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What may be the reaſon of this phænomenon 
we ſhall not now inquire, but refer it to be 
afterwards diſcuſſed in a more proper place *; 
it being ſufficient for our preſent purpoſe that 
the thing is allowed to be true. Only we 
may obſerve with reſpect to the heart, that 
as the ſtimulating cauſe (v:z. the blood) is, 
during the Hole, expelled out of its cavities, 
it is reaſonable to think that the fibres of 
this muſcle which were in a violent ſtate, 
will of themſelves endeavour to return to 
their moſt natural condition +. 

Tur ventricles of the heart, in conſe- 
quence of the relaxation which happens to 
their fibres after their /y/ole is finiſhed, give 
no reſiſtance to any cauſe that begins to dilate 
them, 


* Sect. x. below. 


+ Dr. Langriſb is of opinion, that when the heart is in 
Hale, ſome of its fibres are always ſtretched out beyond 
their natural tone; ſo that by their elaſtic reftitutive pro- 
perty, they act in a certain degree as antagoniſts to the 
contracted fibres, and ſo contribute to un them at 
the end of every ole. Cronean lectures, p. 55. But 
whatever may be in this, it does not appear that the heart 
is, by any thing in its make, better fitted to relax itſelf, 
than the other muſcles ; ſince theſe, or even a few of their 
fibres, when ſeparated from the body, and fo deprived of 
their antagoniſts, are obſerved to be alternately contracted 
and relaxed like the heart. Vid, Sect. xiii. below. 
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them, but will not without violence al low 
their ſides to be removed from each other, 
ſo much as happens during their draftole. 
From Drs. Hales and Langriſh's experiments 
compared, it appears that the capacity of the 
left ventricle of an ox's heart, in conſequence 
of the natural relaxation of its fibres, is to its 
capacity, when fully dilated by the refluent 
blood, nearly as 1 to 2+*. As therefore 
the relaxation of the heart at the end of every 
Hole, is owing to the contraction of its fibres 
ceaſing at that time; ſo its full dzaftole is pro- 
duced by the returning venous blood, which 
enters its cavities with a very conſiderable 
force. Without this, it is impoſſible that any 
relaxation of the heart could produce its dia- 
flole ; ſince a hollow muſcle, ſuch as the heart 
or bladder of urine, can never be fully dila- 
ted by means of its own internal mechaniſm, 
or without the aſſiſtance of a diſtending cauſe 
introduced into its cavities. But although the 
diaſtole, or full dilatation of the ventricles of 
the heart, muſt neceſſarily be aſcribed to the 


force of the refluent blood ; yet this alone, 
without 


* Vid. Hales ſtatical eſſays, vol. 2. p. 2 25. & Lan- 
* 8 —— — No 147. 
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without a preceding relaxation of their fibres, 
would be inſufficient to produce this effect. 
'Tis true indeed, that the contraction of the 
auricles, and momentum of the refluent blood, 
are in ſome ſenſe antagoniſts to the ventricles*; 
but both theſe taken together, falling much 
ſhort of the force with which the ventricles 
contract, there mult neceſſarily be ſome other 
cauſe, which relaxes the fibres of the heart, 
and renders them as it were paralytic at the 
end of every ſy/tole. Beſides this, the flaccid 
appearance of this muſcle, immediately after 
its contraction is finiſhed, and before its ven- 
tricles are filled with blood, demonſtrates be- 
yond all doubt, that its fibres are then in a 
ſtate of relaxation. | 
'WHAT has been juſt now ſaid of the relax- 
ation and digſtole of the ventricles of the heart, 
ft is a miſtake to think, that no blood is puſhed into 
the ventricles of the heart during their dia/tole, except 
what was contained in the auricles properly ſo called. A 
certain quantity of blood from the ſinus venaſi alſo enters 
them, without being previouſly received into the auricles : 
of this the ſmallneſs of the left auricle alone, is a demon- 
ſtration. We are therefore to conceive of the blood du- 
ring the dia/tole of the heart, as ruſhing into its ventricles, 
both from the auricles and ſinus veno/i, and with the uni- 


ted force ariſing from its momentum in the veins and the 
contractile power of theſe hollow muſcles, | 
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is ſo applicable to its auricles, that it would 
be quite ſuperfluous to ſay any * of their 
dilatation. 

Wr have already obſerved *, that the 
force with which the ventricles of the heart 
contract, is, ceteris paribus, always pro- 
portional to the momentum with which the 
blood flows into them, or, in other words, to 
the cauſe dilating them: the /y/ole of the 
ventricles will therefore be, ceteris paribus, 
always proportional to their preceding dia- 
flole; and hence it is that a full pulſe ſtrikes 
the finger with ſo much greater force than a 
{mall one. 

As the left ventricle of the heart muſt, on 
account of its ſuperior ſtrength, require a 
greater force to complete its diaſlole than the 
right ventricle, the blood ought to return to 
it with a greater momentum ; and that it really 
does ſo, will, I preſume, evidently appear 
from what follows.—The force with which 
the blood returns to the right ventricle of the 
heart by the two ven cave, is in animals at 
. reſt and not agitated with convulſions, ac- 
cording to Dr. Hales's experiments, nearly e- 
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qual to g of the force with which it was puſh- 
ed by the left ventricle into the aorta, i. e. in a 
man of an ordinary fize, it acts in dilating the 
right ventricle with a force equal to the preſ- 
ſure of a column of blood whoſe height is 
between 8 and 9 inches, and whoſe baſe is 
equal to the internal ſurface of this ventricle, 
i. e. with a force equal to the preſſure of a- 
bout five pounds *. — The force with which 
the blood returns by the pulmonary veins to 
the left ventricle of the heart, is not ſo eaſily 
determined; but that it muſt be very conſi- 
derable, is evident, from the preſſure of the 


air upon the veſſels of the lungs in reſpira- 


tion; the preciſe force of which as it is diffi- 
cult to inveſtigate, ſo it is not to be wondered, 
that ſeveral learned men who have attempted 
it, have fallen into miſtakes. It ſeems, how- 
ever, demonſtrable, from an experiment of 
John Bernou:lli, that when one endeavours 
to expire with all his might, the whole ſur- 
face of all the veſicles of the lungs may ſuſ- 
tain a preſſure equal to 420 lib. weight +. 
But as this can only happen upon the moſt 


violent 
* Hales's ſtatical eſſays, vol. 2. p. 40. 
+ Michellzt, de ſeparatione fluidor. p. 181. 
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violent ſtraining, it is of little uſe to deter- 


mine the preſſure of the air upon the lungs | 


in ordinary reſpiration ; which muſt bear a 
very ſmall proportion to this, and is not only 
different in different perſons, according to the 
eaſe with which they breathe, but vaſtly dif- 
ferent in the ſame perſons at different times : 
and although the preſſure of the air upon any 
particular portion of the lungs muſt appear 
to be ſmall in ordinary reſpiration, if we con- 
ſider how ſoftly, and with what eaſe this is 
carried on, yet the preſſure upon the whole 
internal ſurface of all their veſicles may be 
very conſiderable. Thus, if the force of the 
air rufhing out at the aperture of the giottis 
in ordinary expiration, be ſuppoſed equal to 
the preſſure of 2 grains, (which is far from be- 
ing an extravagant demand), then, ſince fluids 
preſs equally on all ſides, every portion of the 
internal ſurface of the lungs of the ſame di- 
menſion with the aperture of the glottts, i. e. 
every + of a ſquare inch of their ſurface (for 
the aperture of the glottis does not exceed 
this) muſt ſuſtain at that time a preſſure from 
the air equal to 2 grains; wherefore, ſuppo- 


fing the ſum of the ſurface of all the veſicles 
| of 
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of the lungs in a man to be 20,000 ſquare 
inches, it muſt, in ordinary exſpiration, ſuſ- 
tain a preſſure equal to 320, ooo grains, or 
666 ounces ® If to this force alternately 
preſſing on the lungs, we add the momentum 
which the blood in the pulmonary veſſels has 
from the contraction of the right ventricle of 
the heart, it will appear highly probable, that 
this fluid returns by the pulmonary veins to 
the left ventricle with a much greater force; 
than it did to the right one by the two venæ 
cave. | 

Bur, to put this matter beyond all doubt, 
we need only compare the capacities of the two 
cave and pulmonary veins. According to the 
meaſures of the accurate Santorini, the area of 
the tranſvetſe ſections of the two venæ cave; 
is to that of the pulmonary veins, nearly as 3 to 
2 +. Now the momentum of the blood in theſe 
different veſſels, muſt be as the tranſverſe ſecti- 


on of the veſſels multiplied into the ſquares of 
| the 


* Dr. Keil has eſtimated the ſum of the ſurface of all 
the veſicles in the human lungs to be 21906 ſquare inches 
which computation is in Dr. 2 opinion too low, who 
has determined this ſurface in a calf to be 40, ooo ſquare 
inches. Hales's ſtatical eſſays, vol. 1. p. 242. 


+ Obſervat, anatom. p. 145. 
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the velocities: but ſince equal quantities of 
blood paſs through them in equal times, the 
velocities muſt be inverſely as the ſum of the 
tranſverſe ſections; therefore (by compound- 
ing ratio's) the momenta will be inverſely as 
the ſum of the ſame tranſverſe ſections, i. e. 
the momentum of the blood in the cave, ta- 
king Santorini's meaſures for a ſtandard, is 
to its momentum, in the large trunks of the pul- 
monary veins, as 2 to 3: and this upon the 
ſuppoſition that the reſiſtance to the blood's 
motion in the cave and pulmonary veins were 
equal; which however is not the caſe, ſince 
the left ventricle of the heart muſt require a 
greater force to complete its diaſtole than the 
right one, and conſequently give a greater 
reſiſtance to the blood flowing into it from 
the pulmonary veins, than this laſt does to the 
blood in the cave. Suppoſing therefore, with 
Santorini, that the capacities of the cave and 
pulmonary veins are generally as 3 to 2, the 
momentum of the blood in the latter, will ex- 
ceed its nomentum in the former, in a propor- 
tion ſomewhat greater than that of 3 to 2. 
Mr. Helvetius, tis true, has drawn a differ- 


ent concluſion from the ſmall capacity of the 
pulmonary 
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pulmonary veins, when compared with that 
of the venæ cave, or pulmonary artery *, 


Ji. that the blood is denſer in the former than 


in the latter, but not that its velocity is great- 
er +; and this denſity, he imagines, it chiefly 
acquires by being expoſed to the cool air, in 
its paſſage through the ſmall veſſels of the 
lungs. In anſwer to which, it is ſufficient 
for 


The ſum of the tranſverſe areas of the 1223 
veins, is not only leſs than that of the two cavæ, but alſo 

leſs than the ſum of the tranſverſe areas of the branches 

of the pulmonary artery, contrary to what is obſerved 

every where elſe in the body. It has been warmly diſ- 

puted, whether this diſcovery was firſt made by Helve- 

tius or Winſlow, or if it does not rather belong to Dr. 

Drake, who has painted the branches of the e 

artery larger and more numerous than thoſe of the veins, 

(anat. tab. 42. & 13.) ; although he ſays nothing of this 

inequality either in his deſcription of the lungs, or in his 

explication of theſe figures. This debate, — eat im- 
portance indeed, might have been eaſily decided, if the 
perſons concerned in it, had looked into the proem of Dr. 

Harvey's book de motu cordis, &c.; where we find the 

following paſſage; from which it appears, that this ſpe- 

ciality in the pulmonary veins was not unknown to that 
illuſtrious author. — venam arterioſam, vas am- 
* plum magnum cum tunica arteriæ factum, non niſi pri- 

“ vato & uni uſui, (viz. alendis pulmonibus) deſtinarint: 

* cur arteriam venalem viz pari magnitudine cum tunica 

“ venæ molli, laxa, pluribus uſibus, tribus vel quatuor 

$ videlicet, fabrefactam eſſe aſſeverant ? ” 


+ Memoires acad. des ſciences 1718. edit. 8vo, p. 281. 


&c, 
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for our purpoſe to obſerve, that unleſs the 
blood is condenſed in the lungs into + of its 
former bulk, (a ſuppoſition evidently ridicu- 
lous), it muſt needs flow through the pulmo- 
nary veins, with a greater velocity, and conſe- 
quently with a greater momentum, than through 
the two cave. The ſmall expanſion and con- 
denſation of water, oil, ſpirit of wine, and o- 
ther liquors, in thermometers, ariſing from 
conſiderable degrees of heat and cold, ſhew, 
that the cool air applied to the ſurface of the 
lungs, can have but little influence in conden- 
ſing the blood; beſides that it ſeems not at 
all improbable, chat the blood may acquire a 
heat in the lun 85 ſufficient to compenſate the 
refrigeration it is here expoſed to. It is ge- 
nerally thought, and indeed not without good 
reaſon, that the blood in the pulmonary veins 
1s ſomewhat denſer than i in the artery of that 
name; but this perhaps is not ſo much to 
be aſcribed to the coldneſs of the inſpired air, 
as to its preſſure, and to the action of the ela- 
ſtic veſlels of the lungs. gs 
Ir it be objected to what we have offered 
in proof of the blood's returning with greater 
fore to the left, than to the right ventricle 
8 of 


W WW | 


other INvoLUNTARY Moros. 77 


of the heart, That in a fætus in utero this ſeems 
not to be the caſe; it may be anſwered, that 
the ſtrength of the left ventricle in a fetus, ex- 
ceeds that of the right but little ; or however, 
not near ſo much as in adult animals : — that 
the right ventricle not only puſhes part of the 


blood through the veſſels of the lungs, but 


alſo diſtributes a good deal more than + of 
the whole maſs to the aorta and its branches: 
—that the force of the blood returning by 
the two cave to the right ventricle is greatly 


leſſened, by its having a free paſſage through 


the foramen ovale into the left finus vencſus ; 
while the blood by this means enters the left 
ventricle, not only with the force with which 
it returns from the lungs, but alſo with a 
great part of that with which it flows in the 
cave, 

Ty ſpeaking of the force with which the 
blood returns to the two ventricles of the heart, 
we have taken no notice of the additional 
impetus communicated to, it, by the contra- 
ction of the auricles and ſinus vengſi, becauſe 
this is common to both ventricles ; although 
it muſt be confeſſed, that the right auricle 
ſeems to be ſtronger, as well as more ca- 

| pacious 
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pacious than the left; and perhaps it was 
ſo formed, as the blood returning with great 
impetuoſity from the lungs, after having 
been intimately mixed and elaborated there, 
may not require ſo large an auricle, as the 
venous blood of the cava, which moves 
with leſs force, and is compoſed of parts 
leſs perfectly united, 

Uro the whole, if it ſhall be aſked, why 
the heart being a ſolitary muſcle, and deſti- 
tute of any antagoniſt, does not, like the ſphin- 
ers, always remain equally contracted; the 
anſwer is obvious, vig. that muſcles brought 
into action by a ſlimulus, are immediately re- 
laxed again *; which relaxation therefore hap- 
pening to the heart, the blood, in its return, 
enters the ventricles with conſiderable force, 
and, by dilating them, acts in ſome reſpect 


as antagoniſt muſcles do in other parts of the 


body; at the ſame time that, by its gentle irri- 
tation, it is the cauſe of their ſubſequent con- 
traction. The heart muſt of neceſſity, there- 
fore, be alternately dilated and contracted fo 
long as the returning blood continues to be 


poured 
Sec. 1. No 10. 


8 


RI 8 Nit. Den eee, N Ng — 5 * 4 — 
* * . > ow r ot — 8 2 = - I Bras NN My ”, La 5 gay 8 #1 "ITED 8 n a 
. n ES: FT 2 he oe WA VF „ 2 
1 . 3 8 : * FF” CIs 2 3-3. rs; oo th 
— . * Fa” by 4 * 


other INvoLUNTARY MorfoNs. 79 


poured into its cavities *: nay, ſince the con- 
trations of muſcles from a /timulus are alter- 
nately repeated both in living and newly dead 
animals, although the ſimulus is not renewed + 
after every contraction , and ſince the heart 
continues to vibrate for ſome time after in- 
jecting warm water or air into its cavities, it is 
highly probable, that the irritation of the re- 
turning blood in a ſound ſtate, is capable of 
making it perform not only one, but ſeveral 
contractions ; which ſeems to be confirmed 
by the heart's ſtill palpitating after the vera 
cava and pulmonary veins have been tied, and 
conſequently after the blood is intercepted ; 
though indeed it may be alledged, that, in this 
laſt inſtance, the pulſations are partly owing 
to the irritation communicated to the heart by 
the ligature made on theſe veſſels. Perhaps, 
when a ſtimulus is very flight, it may cauſe 
only one ſingle contraction of a muſcle ; but 
when it is greater, it will produce repeated con- 
vulſions, and always the more, the ſtronger 
it is. The action therefore of the returning 


blood upon the auricles and ventricles of the 
heart 
* Sect. 1. No 12. 13. & 14, 1 
+ Sect. 1. No 11. 
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heart in living animals, may. be ſuppoſed not y 
only to excite them once into contraction, but t 
likewiſe, without the acceſſion of new blood. v 
or any other ſtimulus, to cauſe ſome ſubſequent f 
vibrations, always indeed decreaſing in force I 
and frequency; but as in the intervals of theſe 1 
vibrations, the heart is again filled with blood, 
its alternate contractions being always ſolici- | e 
ted by a new cauſe, do not become weaker or v 
flower, but continue the ſame, while the u 
quantity and quality of the blood are unva- f 

ried. | 
IT can be no juſt objection, therefore, to our 
account of the heart's motion, that in many 
animals newly killed, this muſcle, by ſepara- 
ting it from the body, or otherwiſe ſtimula- 
ting it, is excited into alternate contractions, 
which continue to be repeated for a conſider- 
able time, though the ſimulus be not renew- 
ed; ſince the motions of muſcles ariſing from 
this cauſe, do not ceaſe immediately upon its n 
removal, but decreaſe in ſtrength and quick- Þ& t 
neſs by ſlow degrees, before they quite diſa -e 
pear *: nor ought we to be ſurpriſed that the 1 
violent f 2 


Vid. Sect. i. No 11. & Sect. iii. where the motion of 
the heart after death, or its ſeparation from the body, i: 
particularly inquired into, 
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violent irritation from pricking and tearing 
the fibres of the .heart, or cutting its large 
veſſels, makes it repeat its vibrations more 
frequently, and continue them for a much 
longer time, than the gentle /?;7mulus of the 
returning blooec. 

AT what time the motion of the heart be- 


gins in naſcent animals, and what is the cauſe 


which firſt-ſets it a- going, are queſtions not 
uſually inquired into; nor indeed eafily an- 
ſwered; although the ſecond ſeems to admit 
of a much eaſier ſolution than the firſt. 

Ir all the parts and organs pre- exiſt in mi- 


niature in the animalcle in ſemine, it will ſcarce 


be diſputed, that while it ſwims in this liquor, 
the fluids are propelled through its veſſels by 
the action of its heart, and circulate in the 
ſame manner as in the fetus in utero. If the 
heart does not pre-exiſt in the animalcle, but 
is formed after conception, then the begin- 
ning of its motion muſt be later. But, be 
this as it will, we know that in impregnated 
eggs, the animalcle lies in a death-like ſtate, 
reſembling that of many inſects and ſome lar- 


ger animals in winter; and that its heart re- 


mains at reſt, till by the heat of incubation it 
L | is 
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is rouſed into action: after the motions of the 
chick's heart become viſible, they may be ren- 
dered more lively or languid by a greater or 
leſs degree of warmth; nay may be made en- 
tirelyto ceaſe by cold, and be as quickly renew- 
ed again by heat . Hence it follows, that 
though it be not certain when the heart be- 
gins firſt to move in naſcent animals, yet the 
cauſe which ſets it firſt a-going, and recom- 
mences its motions after being ſtopt, is heat, 
which, by rarifying and agitating with an in- 
teſtine motion the particles of the fluids, en- 
| ables them to ſtimulate its fibres into contra- 
ion. | 


„ 


8 ECT. v. 


Of the motions of the alimentary canal, and 
bladder of urine. | 


AvING thus accounted for the alternate 
contraction and relaxation of the heart; 
we come next to inquire into the cauſe of the 
. | other 

* Harvey de generation, animal. exercitat, 17. 
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other in voluntary motions; and ſhall begin 
with thoſe of the alimentary tube. 

In deglutition the contraction of the mu- 
{cles which pull up the /arynx and os hyoides, 
and fo puſh the bolus into the dilated pharynx, 
is generally ſpontaneous, and owing to the ir- 
ritation of the ſenſible membrane of the fau- 
ces, by the food paſſing this way. In like 
manner no ſooner is the aliment received into 
the pharynx, than this muſcular tube contracts, 
and, embracing it cloſely, puſhes it on to the 
eſophagus, which having its nerves irritated, 
and its fibres ſtretched by the food in its de- 
ſcent, makes each ringlet of this tube contract 


itſelf, and fo tranſmit the ho/us to the next, till 


at laſt it is puſhed into the ſtomach. 

Tux aliments which are generally compo- 
ſed of parts fit to act as a gentle ſimulus on 
the ſenfible membranes of animals, are no 
ſooner received into the ſtomach, than, by its 
heat and motion, as well as the action of the 
humours flowing into it, they begin to ſwell, 
and continue,. during the whole time of their 
diſſolution, to emit bubbles of elaſtic air : at 
the ſame time, the cool air ſwallowed every 
now and then with the ſaliva, is quickly ra- 

rified 
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rified by the heat of the ſtomach. Here then 
we ſee in the aliments, air and humours, cauſes 
which may gently ſtimulate the nervous papil- 
lz of the ſtomach, and ſtretch its fibres ſo-as 
to excite them into contraction: and this ex- 
actly agrees with Wepfer's obſervations, which 
ſhew, that the contraction of the ſtomach ne- 
ver happens but in conſequence of a preced- 
ing intumeſcence. Motum ventriculi, ſays this 
author, ocul:s obſervare licet in vivarum be- 
ſtiarum anatome, & non ſemel vidi illum 
conflringi lent? verſus fomachum ſubſequent 
vomitu, aut verſus pylorum contentis in duo- 
denum exploſis; nonnunguam gracilior & bre- 
vior reddebatur; mox iterum intumuit, ſub- 
ſequente rurſus nova coarttatione, qua vel ver- 
ſus pylorum vel ſtomachum progrediebatur &. 
And, in another place, Quando vero circa 
medium ſe contraxerat (ſcil. ventreculus) mo- 
tus lente verſus pylorum procedebat, llegue 
erigebatur liquorque ſubpallidus, nunc ſpume- 
us nunc viſcidus, quandoque ſenfim aliquands 
cum impetu protrudebatur : conſtrito pylora 
rurſus intumuit totus ventriculus, moxque rur- 
ſus circa medium ſe conſtrinxerat, novuſque li- 

quor 
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quor per pylorum ejiciebatur *. Thus we find 
the diaſtole of the ſtomach always ſucceeded 
by its contraction, which expelling by the 
pylorus, the diſtending cauſe, i. e. part of the 
air and aliments, the fibres of this bowel are 
immediately relaxed, ſo as eaſily to give way 
to the diſtending force of the rarified air ari- 
ſing from the aliments, and thus to ſuffer a 
new diaſtole; which, as before, is ſoon fol- 
lowed by a new contraction. Hence there 
appears a remarkable analogy between the 
cauſes of the alternate motions of the ſtomach 
and heart, even in thoſe animals whoſe make as 
to theſe parts agrees with that of the human 
kind; but which is ſtill ſtronger in granivorous 
birds, whoſe ſtomach more nearly reſembles 
the heart in its ſtructure, and in the force of 
its motions, 
Ir it be aſked, why the ſtomach is not 
brought into a new contraction by the ſtimu- 


lating quality of its contents, before a new 
intumeſcence 

* Hiſtor. cicut aquat. p. 177 
+ The ſmall rough tones which granivorous birds ſwal- 
low, are not only uſeful to break and grind their food, but 
alſo to excite their leſs ſenſible ſtomachs into proper con- 
trations; for theſe, on account of the hard ſkin which 
lines them, would be little affected by the diſſolving ali- 
ments and rarified air, without the attrition of thoſe ſtones. 
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intumeſcence of it has happened; it is ſuf- 
ficient to anſwer, that, in order to excite a 
new contraction of the ſtomach, or hinder its 
yielding to the dilating force of the rarified 
air, the gentle fimulus of the aliment may 
require the additional irritation which the 
diſtraction of its fibres produce. Beſides, as 
the convulſive contractions of the diaphragm 
which happen in conſequence of an irrita- 
tion of the left orifice of the ſtomach, do 
not follow one another very quickly, al- 
though the ſtimulating cauſe continues to 
operate, but after longer or ſhorter intervals, 
according as the irritation 1s weaker or ſtrong- 
er; ſo in the fame manner, after one con- 
traction of the ſtomach is over, ſome time 
may be required for the ſtimulating cauſe to 
act, before a new contraction is produced. 
THAT the ordinary vermicular motion of 
the ſtomach is chiefly owing to the ſtimula- 
ting quality of its contents, is confirmed by 
2 variety of facts: thus when any thing is 
received into the ſtomach, which ſtrongly 
irritates or difagreeably affects its nerves, 
it is thrown into convulſive contractions, 
which are renewed, after ſhort intervals, till 


the 
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the offending cauſe is either quite expelled, 
or greatly weakened. On the other hand, - 
pium, which renders ourfibres and nerves in- 
ſenſible of an irritation, has of all things 
the greateſt power to quiet convulſive and ir- 
regular motions of the ſtomach. At the 
ſame time the nauſea and vomiting, which are 
brought on by ſuddenly drinking too great 
a quantity of the mildeſt liquids, ſnew that the 
ſimple intumeſcence or diſtenſion of the ſto- 
mach, conduces to its contraction indepen- 
dent of any ſimulus affecting its nervous 
apt lle. Ks 
Tux vermicular motion of the guts, is quite 
a. kin to that of the ſtomach, and produced 
by the ſame cauſes. Small quantities of rari- 
fied air and digeſted aliment are puſhed from 
one portion of the inteſtinal tube into the next, 
and from this again into the ſucceeding one, 
and ſo on; 1. e. the part dilated. by the air 
and aliments acquires ſuch a power of contra- 
ction, as to overcome the elaſticity or contra- 
ile power of the contracted part next it. 
Whence ſhould this happen? It cannot be 
owing to the more copious influx of arterial 
blood into the veſſels of the diſtended ſeg- 
| mament, 
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ment, as Dr. Stuart would perſuade us *; 
ſince it appears that this fluid does not imme- 
diately conduce to the contraction of a mu- 
ſele . There is no reaſon to imagine, that, 
on account of any alternate compreſſion of 
their nerves; the animal ſpirits low into the 
guts in ſucceſſive ſtreams: nor would this, if 
ſuppoſed; anſwer the phenomena; ſince the 
whole inteſtinal tube is not, like the heart, 
alternately contracted and relaxed, but, as to 
time, is altogether irregular in the motions of 
its ſeveral parts. It remains therefore that 
the diſtraction of the fibres of the inflated part 
of the gut, together with the /#zmulus of the 
bile, air, and digeſted aliments which it con- 
tains, is the cauſe of its ſubſequent contraction. 
And ſurely, if warm air impelled through the 
vena cava, or thoracic duct, into the heart of 
an animal newly killed, excites it into con- 
traction, it may reaſonably be ſuppoſed to 
have an equal effect on the ſtomach and in- 
teſtines, between whoſe motions and thoſe of 
the heart there is a ſtrong analogy. 

Wr have already ſeen from Wepfer, that, by 
every 


Diſſert. de motu muſcul. cap. 12. 
+ Sect, i. No 2. above. 
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every contraction of the ſtomach, ſome part 
of the more liquid aliment and rarified air is 
puſhed through the pylorus into the duodenum, 
which, not finding a free paſſage through this 
gut, on account of its valves and the natural 
contractility of its coats, will dilate that part 
of it next the ſtomach, and conſequently ex- 
cite it into contraction, by which its contents 
will be tranſmitted to the next portion of this 
gut, and ſo on through the whole tract of 
the jejunum and ileum, where the valves be- 
ing larger, will, by ſtopping the progreſs of 
the chyle and rarified air, occafion more re- 
markable intumeſcences, and conſequently 
ſtronger ſucceeding contractions. 

IT will further appear, that the periſtaltic 
motion of the guts, is owing to digeſted ali- 
ment, bile and rarified air, acting upon them 
as a ſtimulus, if we conſider that purgatives, 
which act chiefly by vellicating the inſide of 
the guts, greatly increaſe this motion : 
that in animals opened alive, the inteſtines 
are excited into ſtronger contractions, by 
picking them with a ſharp inſtrument, or 
applying any acrid liquor to them: that 
ſuch things as render our nerves and fibres 

M leſs 
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leſs ſenſible of any irritation, leſſen or de- 
ſtroy the periſtaltic motion of the guts ; thus 
Dr. Kaau not only found the vermicular mo- 
tion of the inteſtines extremely weakened and 
flow, in a dog to whom he had given fix 
grains of opium, but that pricking their ex- 
ternal ſurface with the point of a needle, did 
not ſenſibly increaſe it“: and, laſtly, 
that when the bile from any cauſe becomes 
inert, or . is hindered from flowing into the 
guts, coſtiveneſs generally follows. | Nay, 
that the /{7mu/us of the bile is in a particular 


manner neceſſary to the right performance of 


the periſtaltic morion, and that without it the 
guts would not be able ſufficiently to reſiſt the 
diſtending power of the rarified air, ſeems 
highly probable from the remarkable inflation 
of the inteſtines in ſuch as die of an inveterate 
jaundice ; and from the hiſtory given by Dr. 
Stuart, of one who died of a wound of the 
gall-bladder, who was not only incurably co- 
ſtive, but whoſe guts were ſo diſtended with 
air, that before opening him a tympany was 
ſuſpected . 

WulLE 


* Impet. faciens, dictum Hippocrat. No. 435. 
+ Philoſoph. Tr anf. N* 414. 
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le- Wurz the chyle is taken up, as it paſ- 
ms ſes along, by the lacteal and abſorbent veins 
* of the ſmall guts, the groſſer and leſs 
n 


nutrititious parts of our humours and ali- 
ments are tranſmitted from the z/eum by the 


** valve of the colon into the great guts, where 
lid they remain for ſome time without giving any 
y. diſturbance; till, by the preſſure of the dia- 
e 8 phragm and abdominal muſcles in reſpiration, 
ne = together with the gentle contractions of the 
. 8 ; guts themſelves, they are puſhed into the 
ar . rectum, where, partly by their acrimony, but 
of 1 chiefly by their weight and bulk overſtretch- 
le Z ing its fibres, they excite this gut into ſtrong 
'& © contractions, and bring on an inſuperable de- 
> BW fire of emptying it. When any acrid matter 
n © lodged in the plicæ of the rectum, irritates its 
te 5 nervous papillæ, as in a teneſinus, its muſcular 
r. coat is excited into frequent and ſtrong con- 
e I trations, and there is almoſt a perpetual de- 
4 = fire of going to ſtool. This is beſt cured by 


oily and mucilaginous clyſters, with orm; 
which at the ſame time that they ſheathe the 
acrimony, blunt alſo the ſenſe of pain. 

Tur bladder of urine is a hollow muſcle, 
| which being deſtitute of any proper antago- 


1 niſt, 
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niſt, would always, if not hindered by ſome 
foreign cauſe, reduce itſelf to its ſmalleſt ca- 
pacity, by means of that natural contraction 
which is owing to the force of the circulating 
fluids, the elaſticity of its fibres, and the cons 
ſtant but gentle operation af the nervous in- 
fluence upon them *. This contractile power 
of the bladder, whereby it reduces itſelf to its 
ſmalleſt fize, is overcome by the urine gra- 
dually dropping into its cavity from the ure- 


ters; which at length, by overſtretching its 


coats, excites them into ſtrong contractions ; 
but theſe being of themſelves unable to over- 
come the ſſbindter, the diaphragm, abdomi- 
nal muſcles, and /evatores ani, are called in 
to their aid: however, after the ſpbincter is 
opened, the contractile power of the bladder 
alone is ſufficient to expel the whale urine. 

Tus fluid, though ſenſibly acrid, does 
not, when accumulated in the bladder of 
a healthy perſon, give uneaſineſs ſo much by 
the irritation of its nervous papillæ, as by q- 
verſtretching its fibres: but when the mu- 
cus, deſtined to defend theſe nerves from the 
acrimony of the urine, is abraded, or when 
the inner coat of the bladder is inflamed or 


excoriated, 
* Sect. i. No 4. 
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excoriated, no ſooner does the urine begin 
to be collected, than, by fretting this tender 
and extremely ſenſible part, it brings the 
muſcular coat of the bladder into ſtrong 
convulſive contractions, and along with it 
the diaphragm and abdominal muſcles; hence 
in ſuch caſes the patient is afflicted with a 
violent and almoſt conſtant deſire of paſſing 
his urine, while in the mean time there are 
only a few drops to be expelled. Mares and 
cows, after evacuating their urine are obſer- 
ved for ſome time alternately to contract and 
relax their urethra and ſpbincter vgſicæ; at firſt 
very briſkly, afterwards more weakly and 
with longer intervals between each contra- 
ction. Theſe motions, which ſeem to be of 
the ſpontaneous kind, are ſolely owing to the 
irritation of the parts by the urine ; and it 
is a proof of this, that as the uneaſy ſen- 
fation begins to abate, ſo does the force and 
quickneſs of theſe motions. 


1 


94 Of the VITAL and 


T. VI. 


Of the motions of the blood-weſſels, and ſeveral 
others of the Jpentaneous kind. 


He moſt remarkable of the ſpontaneous 
motions which remain to be accounted 

for, are the alternate /y/fole and draſtole of the 
arteries; the leſs perceptible motion of the 
veins ; the oſcillatory contractions of the ſmal- 
ler veſſels; the erection of the penis; the con- 
vulfive motions of the muſcul; acceleratores u- 


rinæ in coition; the motions of the fallopian I 


tubes, whereby they embrace the over:a, and 
convey the ovum to the womb ; the alternate 
action of the muſcles of reſpiration ; their 
convulſive motions in coughing and ſneezing; 
and the contraction of the pupil and muſcles 
of the internal car, in order to adapt theſe 
organs exactly to the degree of light and 
{ound applicd to them. 


1. Tun diaſtole of the arteries is, like the 
dilatation of the heart, owing to the blood 
puſhed into their cavity, with a conſiderable 
torce, and their fs/tofe or ſucceeding contra- 
ction 


© g PAL 
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ion is effected chiefly by their elaſticity, and 
partly by the proper contraction of their mu- 
ſcular coat, excited by the blood gently ſtimu- 
lating their internal ſurface, at the ſame time 
that it diſtracts their fibres. That the /y/tole 
of the arteries is not wholly owing to the ela- 
ſticity, but alſo to the muſcular contraction 
of their fibres, is generally acknowledged by 
Phyſiologiſts ; and that the blood alternately 
puſhed into them and acting as a ffimulus, ex- 
cites this muſcular contraction, the analogy 
of the heart, and other ſpontaneous motions, 
already explained ſeems fully to evince. 


2. BESIDE the alternate dia/tole and fy/tole of 
the larger arteries, which, in a great meaſure, 
depend upon the projectile force of the heart, 
and the elaſticity of their coats, there is a vi- 
brating or oſcillatory motion in the inferior or- 
ders of veſſels, to which the direct force of the 
heart does not reach, and where elaſticity is 
no way concerned. And as the food 1s con- 
ducted from the mouth through the whole 
courſe of the alimentary canal, by its exci- 
ting the muſcular coat of this tube into con- 
tractions, as it paſſes along; ſo the motion of 


the 
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the fluids through the inferior orders of veſ- 
ſels and ſecretory tubes of the glands, to ma- 
ny of which the impulſive force of the heart, 
ſeems not to extend, is chiefly carried on by 
the vibrating contractions of theſe veſſels, ex- 
cited by the gentle ſtimulus of the circulating 
fluids “-. 


3. As the ſmaller veſſels, though deſtitute 
of any alternate pulſation depending upon the 
contraction of the heart, are nevertheleſs a- 
gitated with a kind of oſcillatory motion; ſo 
it is highly reaſonable to think, that the veins 


are not inactive canals, but ſo affected by the 


ftumulus 


In an eſſay on the motion of the fluids through the 
ſmaller veſſels of animals, read at ſeveral meetings of 
the Philoſophical Society in this place, in the years 1745 
and 1746, ! have ſhewn at great length, that the circu- 
lation of the juices in the inferior orders of veſſels, and 
particularly in the ſecretory tubes of the brain, cannot 
be accounted for, merely from the projectile force of the 


| heartand alternate ole of the larger arteries ; but muſt 


in a great meaſure depend upon the oſcillatory motions 
or ſmall alternate contractions of theſe veſſels, which in 
ſome animals may be diſcerned by the microſcope ; and 
which have neither been rightly derived from the oſcilla- 
tions of the dura mater, nor from the alternate motions of 
the heart and larger arteries; being ſolely owing to the 
gentle titillation of the fluids, as they glide along the ſides 
of the veſſels, whoſe fibres are fo * — as to be ex- 
cited into contraction by the ſmalleſt irritation, 
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/limulus of the circulating blood, as to have 


their muſcular coat excited into alternate, but 
weak contractions, by means of which the 
return of this fluid to the heart is confiderably 
promoted. As a proof of this, the vena cave 
may be plainly ſeen to contract alternately in 
dying animals whoſe 7horax is laid open *; tho 
it is probable that the motions of this vein 
near the heart, are more remarkable than 
elſewhere, on account of ſome kind of alter- 
nate depletion which it ſuffers. And may not 
the vena cava continue to palpitate longer than 
the heart in dying animals, becauſe, after the 
circulation of the blood through this organ 
has ceaſed, it is ſtill tranſmitted in ſmall quan- 
tity from the arteries into the naſcent veins, 
and conſequently into the cava; which being 
therefore longer ſupplied with the cauſe exci- 
ting its motions, muſt continue them longer ? 

Hence we ſee that the fluids are in ſome 
ſenſe the cauſe of their own motion; ſince, 
without their ſtretching power and ſtimula- 
ting quality, the heart and arteries, however 
well fitted for muſcular contraction, would re- 


main altogether unactive and at reſt: and that 


| N a9 
* Sect. xili. Ne 16. below. 
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as the contractile power of the ſolids is alto- 
gether neceſſary to carry on the vital functi- 
ons, ſo likewiſe is the action of the fluids 
upon the ſolids, in order to excite their mu- 
fcular power into action. Hence alſo we 
may eaſily underſtand how it is that heat has 
ſo great an influence in promoting the cir- 
culation of the fluids, that inſets and many 
other animals, after they are to all appearance 
dead, may be quickly brought to life by it. 
Heat, by raiſing an inteſtine motion and briſk 
vibrations in the particles of the fluids, muſt 
neceſſarily communicate ſome degree of irri- 
tation to the ſenſible veſſels; and thus bring 
them into alternate contractions. 


4. Tur erection of the penis has been gene- 
rally aſcribed to the contraction of the muſcles 
called erectores; yet as their ſituation is ſuch, 
that the veins of the penis can ſcarcely be af- 
fected by their action, and as an erection of 
this member cannot be procured at pleaſure, 
by ſtrongly preſſing it againſt the os pubis, ſe- 
veral later authors ſeem juſtly to have rejected 
this opinion, but, as far as I know, without 
ſubſtituting any thing ſatisfactory in its place. 

Bur 
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Bur as the taſte, nay even the fight or re- 
membrance of grateful food, cauſes to a hung- 
ry perſon an uncommon flow of ſaliva into the 
mouth, by increaſing the oſcillatory motions of 
the ſalivary veſſels [N* 2.]; ſo, why may not 
the ftimulus of the ſeed in the veficulz ſeminales, 
or the ſight, nay even the recalled idea of la- 
ſcivious objects, cauſe a more than ordinary 
flow of blood through the ſmall arteries of 
the penis, by greatly increaſing their vibrating 
contractions? If this happens, the ſmall ca- 
pillary red arteries will, by the increaſed mo- 
mentum of the fluids, be all enlarged, and the 
ſerous ones, at leaſt many of them, will be 
rendered capable to admit red blood : thoſe 
arteries which end in veins, will tranſmit their 
fluids to them as uſual, only with greater im- 
petuoſity, while ſuch as terminate with open 
orifices in the cells, will, through their di- 
lated mouths, pour forth not only a ſerous 
or lymphatic fluid, as uſual, but alſo red blood 
itſelf; which not being faſt enough carried off 
by the abſorbent veins, whoſe orifices are not 
enlarged proportionally with thoſe of the ar- 
teries, muſt fill and diſtend theſe cavities, and 
conſequently produce an erection of the fenis. 

5 
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As ſoon as the cauſes exciting an uncommon 
oſcillatory motion in the ſmall veſſels of the 
yard ceaſes, it begins to ſubſide, becauſe the 
fluids are now poured in much leſs quantity 
into its cells, 

Tuls account of the erection of the pen; 
ſeems to be much more agreeable to the laws 
of the animal aconomy,. than that propoſed 
by Duvernoi“, and embraced by Dr. Haller +, 
who ſuppoſes that the ſmall veins of the pens 
may be ſo ſtraitened, by I do not know what 
conſtriction of the nervous filaments ſur- 
rounding them, as in a great meaſure to pre- 
vent the return of their blood. Yieuſens is 
the firſt who conſidered the nerves which in 
ſome places appear to ſurround the blood-veſ- 
ſels as ſo many ſmall cords, capable of con- 
ſtricting them more at one time than another, 
and conſequently of producing remarkable 
changes in the circulation, Thus he deduces 
the paleneſs of the face in ſome paſſions, and 
its redneſs in others, from the nerves ſtrait- 
ening the carotid arteries in the former, and 


the 


Act. Petropolitan. tom. 2. p. 379. 383. 384. 
+ Prim. lin. phyſiolog. Ne doo. 
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the jugular veins in the latter caſe . However, 
none of the authors now mentioned, have con- 
deſcended to ſhew us how the nerves can be 
ſo drawn as, like a ligature, to ſtraiten the veſ- 
ſels which they encompaſs. Nor indeed can 
this be eaſily conceived. There is no exam- 
ple to be found of any motion or action in the 
animal body being performed by the traction 
or conſtriction of nerves, whoſe office is not 
to be drawn or rendered more tenſe at one 


time than another, but to ſupply the muſcu- 


lar fibres every where through the body, with 
that influence or power which ſeems to be im- 
mediately neceſſary to their contraction: but, 
by the increaſed oſcillatory motion of the ſmall 
veſſels, which we have aſſigned as the cauſe of 
the erection of the penis, we daily obſerve a 


variety of ſudden and ſurpriſing changes pro- 


duced in the circulation. To this is to be a- 
ſcribed the profuſe ſecretion of pale limpid u- 
rine, to which hyſterical people are ſo liable; 
as alſo the great diſcharge of tears from the 
lachrymal veſſels, in people affected with great 
joy or grief. And the bluſhing, or redneſs 
and glowing warmth of the face, which at- 


: tends 
* Neurograph, lib. iii. cap. iv. p. 182. 
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tends a ſenſe of ſhame, is not owing to the 
conſtriction of the temporal veins by means 
of the nervous filaments from the portio dura, 
which ſurround them *, but to an increaſed 
ofcillatory motion of the ſmall veſſels of the 
face, which in moſt people, more or leſs, ac- 
companies a conſciouſneſs of ſhame : for as 
the roſy colour, and ſudden warmth, which 
are the neceſſary conſequences of the increa- 
fed motion of the blood in the ſmaller veſſels, 
ill agree with the ſtagnation of this fluid, as 
ariſing from any compreſſion of the temporal 
veins; ſo their being often diffuſed over the 
neck and breaſt, clearly ſhews that they can't 
proceed from this cauſe. Why this affection 
of the mind ſhould produce ſuch a change in 
the circulation of the blood in thoſe parts ra- 
ther than any other, we don't pretend to ſay. 
Sufficient it is, that from experience we know 
that the body and its ſeveral parts are variouſſy 
affected by the different paſſions of the mind. 
AFTER what has been ſaid, it will be eaſy to 
account for the erection of the nipple of a 
woman's breaſt, and the ſwelling of a turkey- 
| cock's 


Haller not. in Beerhaav. inſtitut. med. parag. 573, & 
prim. lin. phyſiolog. Ne 552. | 
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cock's comb and rattles, which are much a- 
kin to the erection of the penis, and which, 
as Dr. Haller has juſtly obſerved, are certainly 
not owing to the contraction of any muſcle, 
hindering the return of the blood by their 
veins*, For why may not the paſſion of an- 
ger or pride cauſe an inflation of the above 
mentioned animal's comb and rattles, as well 
as the ſenſe of ſhame does a fluſhing of the 
face ? and may not titillation increaſe the mo- 
tion of the fluids in the ſmall veſſels of the 
nipple, in the ſame manner as in the penis? 
Tre unuſual ſenſation of heat in the face, 
which attends bluſhing, and is ſo quickly 
raiſed, may enable us to account for the many 
ſudden complaints of heat and cold, and o- 
ther ſymptoms of a like nature common to 
hyſterical people; for if an affection of the 
mind, can raiſe an uncommon heat in the 
face, by determining the influence of the 
nerves more copiouſly into its veſſels, and thus 
increaſing their oſcillations, why may not 
the ſame thing happen in other parts of the 
body, from an irregular diſtribution of the 
nervous power? and is it not probable, that 


the 
Prim. lin. phyſiolog. No go. 
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the ſudden ſenſations of cold, which people 
ſubject to nervous complaints often feel in va- 
rious parts of their bodies, are owing to the 
ſtagnation or ſlower motion of the fluids in 
the ſmaller veſſels of theſe parts, occaſioned 
by the diminution or ſuſpenſion of their oſcil- 
latory motion? 

Bur to return from this digreſſion ; whether 
the erection of the penis is effected in the man- 
ner above explained, or by the contraction of 
certain muſcles compreſſing its veins; it is ne- 
vertheleſs, like the other ſpontaneous actions, 
owing to an irritation, viz. the /{zmulus com- 
municated to the nervous apillæ of the veficu- 
læ ſeminales and teſticles by the ſeed; ſince, in 
proportion to the abundance or defect of this, 
erections are cæteris paribus more or leſs fre- 


quent, ſtronger or weaker, Tis true, that la- 


ſcivious thoughts, titillation, and other cauſes, 
often produce erections of the penis; but even 
their power of doing this, is in a great meaſure 
owing to the preſence of the ſeed. An erecti- 
on of the penis frequently happens from the 
bladder being full of urine, at leaſt is increaſed 
by this; which is no way ſtrange, ſince the u- 


rine, by ſtretching and ſtimulating the coats of 
the 


S 
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the bladder, may be eaſily ſuppoſed to affect 
the nerves and veſſels of the penis, with which 
they are ſo nearly connected. 


5. In time of coition, as ſoon as the ſeed 
is ſqueezed into the beginning or bulbous part 
of the urethra, the muſculi acceleratores urine 
which ſurround this part, are brought into 
convulſive contractions, which continue to be 

repeated till the ſeed is entirely expelled ; and 
that theſe convulſive contractions are owin 2 
to the ſemen acting as a ſimulus upon this part 
of the wrethra, cannot with any colour of 
reaſon be denied; ſince their number and 
force are always greater or leſs, as this liquor 
is more or leſs in quantity, or more or leſs 
concocted. 


6. By the titillation of the rugæ of the va- 
gina in time of coition, not only is the uterus 
affected, but the tube fallopiane becoming 
rigid, ſuffer a kind of erection; at which 
time their fimbriated extremities ate turned 
to the varia: nor do they change this ſitua- 
tion till the ovum has made its paſſage through 
the coats of the ovarium into their cavity, 

0 chrough 


to6 fe VI TAT ant 
through which it is preſſed forward to the 2. 


terus, by the contraction of the muſcular coat 


of the tube, which, from the analogy of the 
other ſpontaneous motions already explained, 
we may eaſily imagine, is excited by the ovum 
as it paſſes along the internal ſurface of this 
hollow muſcle ; fo that every ſmall rin glet of 
it, will, by its contraction, tranſmit the on 
to the ſucceeding one, till at laſt it drops into 
the womb ; in the ſame manner as the food 
in a horizontal poſture is conveyed through 
the eſophagus into the ſtomach. 

Tnar the convulſive motions of the mu- 
ſeles of reſpiration in coughing and ſneezing, 
and of the diaphragm in the hiccup, are ow- 
ing to an irritation of the ſenfible membrane 
of the noſe, windpipe, and inferior part of the 
gullet, is too evident to need any particular 
proof ; and this the rather, as theſe motions 
will be occaſionally illuſtrated in the. ſequel 
of this Eſſay. Nor is it leſs true, that the 
motions of the pupil and muſcles of the inter- 
nal ear, are owing to light and ſound acting 
as ſtimuli on theſe organs: but as theſe mo- 
tions, whereby the eye and ear are accom- 


modated to different degrees of light and 
ſound, 
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ſound, are more intricate .and leſs gene- 
rally underſtood, I ſhall treat of them parti- 
cularly in the following Section. And as the 
alternate motion of the organs of reſpiration 
differs from the other ſpontaneous motions al- 
ready explained, in being fo far under the 
power of the will, that we can accelerate, 
retard, or entirely (at leaſt for a conſiderable 
time) put a ſtop to it ; and is a ſubject upon 
which a great deal may be ſaid, I ſhall alſo 
treat of it afterwards in a particular Section 


by itſelf; where its cauſe will be ſhewn to 


be entirely analogous to that of the other 
ſpontaneous motions, 


SECT. VII. 
Of the motions of the AER and muſcles of the 


internal ear. 


S the degrees of light to which the eye 
is expoſed, and the ſplendor of objects 
preſented to it, are various, had the pupil 
been of a determinate fize, incapable of en- 
largement or diminution, this organ would 
have been adaptcd only to contemplate objects 
in 
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in one particular degree of light; every thing 
remarkably brighter than this, would have 
dazzled it, while a fainter light would not 
have affected it ſufficiently. Further, as the 
rays of light coming from very near objects, 
are much more divergent than thoſe from re- 
mote ones, had the' pupil been incapable of 
variation as to its extent, the eye would have 
been ill fitted for ſeeing diſtinctly at different 
diſtances; ſince ſuch objects alone are ſeen 
diſtinctly, whoſe images are accurately painted 
upon the middle and moſt ſenſible parts of the 
reting. 

To prevent theſe inconveniencies, and that 
the eye might be capable of properly re- 
ceiving the impreſſions of objects in a great 
variety of lights and diſtances, that mem- 
brane called by Anatomiſts the 2e ar iris, 
which encompaſſes the pupil, is furniſhed 
with a double ſet of muſcular fibres, by 
whoſe contraction or relaxation, the diameter 
of this paſſage can be greatly augmented or 
diminiſhed. One plane of theſe fibres is 
circular, and immediately ſurrounds the cir- 
cumference of the pupil: it may very pro- 
perly be called the ſphinder pupillæ, ſince, by 


its 
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its contraction, the pupil is leſſened. The 
other is compoſed of a number of radiated 
fibres, which take their riſe from the great 
circumference of the uvea, where it is attach- 
ed to the circulus albus, or union of the cor- 
nea and ſclerotica, and are inſerted into the 
orbicular muſcle above mentioned, all round 
the circle of the pupil, as the ſpokes of a 
wheel are into its nave. This plane of mu- 
ſcular fibres acts as antagoniſt to the orbicular 
one, and may be called the /axator or dilatator 
popille. 

Tux circular plane of fibres is ſo thin and 
delicate, that ſome authors ſeem ſtill to doubt 
of its exiſtence ; 3 but in admitting it, we are 
not only juſtified by the authority of the beſt 
Anatomiſts , but by reaſon and analogy ; 
ſince the equate and regular contraction of 
the pupil cannot well be conceiyed, without 
ſuppoſing ſome ſuch mechaniſm; and ſince 
we find the other paſſages in the body which 
are endued with a power of conſtricting 
themſelves, furniſhed with ſphincter muſcles. 
Tux figure of the pupil, as well as its de- 

grees 


* IVinſlnw anatom. ſect. 10. Ne 220. Ruyſch. theſaur, 
anatom. 2. tab, 1. fig. 5. lit. c. 
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grees of contraction and dilatation, are differ 
ent in different animals. In man the pupil 
is at all times perfectly round; in horſes, 
cows, &c, it is oblong and tranſverſe ; and 
in cats in the day-time, it forms a narrow 
chink perpendicular to the horizon, but in 
the dark acquires nearly a circular figure, and 
becomes almoſt as large as the cornea. If in 
cats the pupil had been perfectly circular as 
in man, it could not well have admitted of ſo 
great degrees of dilatation and conſtriction, 
which yet are neceſſary to an animal which 
muſt ſeek its prey in the night- ſeaſon; at leaſt 
when moſt contracted, its edges muſt have 
been remarkably furled, and their thickneſs 
greatly increaſed, by being folded together 
in fo ſmall a ſpace. Moreover, tis obſervable, 
that all thoſe animals which have the pupil 
of an oblong or oval ſhape, are capable of 

ſeeing 1 in a much fainter light than man. 
Galen, who did not allow any motion to the 
pupil, except when one of the eyes is ſhut, 
aſcribed the dilatation of the pupil of the open 
eye, to its having the ſpirits which uſed to be 
beſtowed on both eyes, now determined into it 
alone. Achillinus, who flouriſhed i in the be- 
ginning 
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ginning of the ſixteenth century, is the firſt 
who mentions the motions of the pupil from 
different degrees of light ®; which however 
was ſo little attended to, that its firſt diſco- 
very is generally aſcribed to Father Paul of 
Venice, who lived about a hundred years after 
| him. However, neither Father Paul, nor 
Aquapendente, who followed him, ſeem to 
have known any thing of the manner in 
which theſe motions are performed. Nor 
ought it to appear ſtrange, if, before the mu- 
ſcular ſtructure of the ve was known, Phy- 
ſiologiſts were quite in the dark with regard 
to the pupil's motions, or if their accounts 
of this matter he altogether as wide of the 
truth, as different from each other. 
Tux natural ſtate of the pupil is that of 
dilatation ; for ſince the longitudinal fibres 
of the iris are much more conſpicuous and 
ſtronger than the circular plane, they muſt, 
by their natural contraction g, keep the pupil 
always dilated, unleſs the latter are excited 
into action by ſome particular cauſe. 

War 

*Morgagni. adverſar. anatom. 1. p. 34. 


+ Fabricius ab Aguapendente de oculo, part. 3. cap. 6. 
& Douglas bibliograph. anatom. p. 228. | 


t Sect. i. No 3. and 4. above. 
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WuArx this cauſe is, could be no difficult 
matter to diſcover : for, as in a ſyncope, apo- 
plexy, or at the moment of death, when the 
eye is quite inſenſible to external ob ects, the 
pupil 1 is always greatly dilated 3 as in the ſhade 
it is remarkably large, and always the more 
ſo, the greater the darkneſs ; while in a bright 
light it is contracted almoſt to a point; it 
clearly follows, that the coarctation of this 
paſſage is owing to the action of li ght on the 
eye as a ſenſible organ, and its dilatation to 
the ſuperior contractile power of the longitu- 
dinal fibres of the zvea, when the eye is left 
to itſelf, and not affected by any external 
cauſe. 

Tur pupil is contracted more or leſs i in 
proportion to the quantity of light admitted 
into the eye, not on account of any imme- 
_ diate action of this ſubtile fluid on the fibres 
of the iris, as ſome have imagined *, but in 
conſequence of its affecting the tender retina 
with an uneaſy ſenſation. Hence whatever 
intercepts the rays of light ſo as to prevent 
their acting the retina, or renders this mem- 

brane 


* Hiſtoire acad. tes ſciences 1704, edit, 8vo, p. 18. 
& Memoires, p. 360. 
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brane inſenſible to their action, cauſes a pre- 


ternatural dilatation of the pupil. Thus = 


a cataract, where the cryſtalline humour being 
conſiderably opaque, intercepts a great part 
of the luminous rays in their way to the bot- 
tom of the eye, the pupil loſes a good deal 
of its contractility. In a confirmed gutta ſe- 
rena, or perfect inſenſibility of the retina, the 


| | orbicular muſcle of the pupil loſes its power 


of contraction altogether, inſomuch that this 
paſſage remains equally wide in the brighteſt 
ſunſhine, as in the obſcureſt ſhade. If the 
action of light on the circular fibres of the 
iris were the cauſe of their contraction, this 
ought not to happen; {ſince the nerves of this 
membrane; as they have no connexion with 
the optic nerve, ought to remain equally fit 
for actuating its orbicular muſcle, and equal- 
ly ſenſible of the ftmulus of light, when the 
retina is thus diſeaſed, as in a ſound eye. But 
if it ſhall be alledged, that in a gutta ſerena, 
the nerves of the zvea become ſome how pa- 
ralytic, and that the immobility of the pupil 
is owing to this, and not to the inſenſibility 
of the diſeaſed retina; I anſwer, that a plain 


experiment ſhews the contrary: thus when 
P one 
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one eye is quite loſt by a confirmed amauroj;s 
if the ſound one is covered or kept ſhut, the 
pupil of the diſeaſed eye remains in every de- 
gree of light immoveable, and of the fame 
ſize; but if the found eye is expoſed to the 
ſun-beams, the pupil of the other, which 
ſhewed no motion before, will be evidently 
obſerved to contract. This contraction can 
only ariſe from the ſympathy between the two 
pupils; ; and ſhews, that when the ſound eye 
is covered, the defect of motion in the mor- 
bid one is not owing to the nerves of the 1. 
ves being any way paralytic, but merely to 
the want of a cauſe determining their influ- 
ence into the orbicular muſcle of the pupil. 

 FuRTHER, if the contraction of the pupil 
proceeds from light acting as a //imulus on the 
fibres of the iris, why does it not excite its 
longitudinal fibres equally into aCtion as its Cir- 
cular ones ? 

Wuen the head of a living cat is put un- 
der water, 'its pupil, which was much con- 
tracted before, is immediately greatly di- 
lated, though expoſed to the ſun-beams. If 
the contraction of the ſphinfer pupillæ aroſe 
from the action of light on its fibres, this 


phenomenon would hardly admit of a ſolution; 
ſince 
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ſince it does not appear that the rays of light 
ſhould act with much leſs force upon the iris 
of an animal under water, than in the open 
air: but, on ſuppoſition that the contraction of 
the pupil is owing to the /ffimulus of light af- 
fecting the retina, it is eaſily accounted for. 
{ The rays of light paſſing from air into the eye 
| through the cornea, ſuffer a conſiderable re- 
fraction on account of its greater denſity ; by 
which means they are made to approach one 
another, ſo as, by the refractions of the cry- 
ſtalline and vitreous humours, they may be 
collected in a point on the retina, But when 
the head of an animal is under water, the 
rays of light ſuffer little or no refraction in 
# paſſing through the cornea and aqueous hu- 
mour, becauſe their denſity ſcarce differs from 
that of water: hence they will not, as in the 
former caſe, be made to approach one an- 
| other, nor will they have their fecus in the re- 
tina, but a great way behind it; this mem- 
brane, therefore will be very weakly affected 
by them, and conſequently the pupil muſt be 
dilated. In water there is a general and 
faint light diffuſed over a great part of the 
retina; in air all this light is collected, and 
| acting 


—— — ſ— — — — — 
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acting on a much ſmaller ſpace, is greatly 
more vivid and ſtriking. 

Ms. Mery indeed has given a different ſo- 
lution of this pbænomenon; but ſuch a one as 
will not give a philoſophical reader any very 
exalted idea of his knowledge either in phyſi- 
ology or in optics. His account of the mat- 
ter is this. Under water, the animal is hin- 
dered from breathing, but the motion of the 
ſpirits, to which he aſcribes the conſtriction 
of the pupil, depends on the circulation of 
the blood, and this again on reſpiration; 


therefore, notwithſtanding the uſual action of 


light on the iris, the pupil in an animal 
under water, muſt be relaxed merely on ac- 
count of the interruption of reſpiration *.— 

It is moſt certain, that in a ſyncope, when the 
vital motions ceaſe, the pupil is dilated in air, 
as well as in water, becauſe the retina loſes 
its ſenſibility ; but a cat plunged into water, 
does not become immediately inſenſible, nor 
does the motion of its heart ceaſe with that 
of reſpiration; and if a man can reſtrain 


breathing near a minute, without loſing any of 
his ſenſcs, this animal, which bears the air- 


pump 
* Memoires acad. des ſciences 1704. edit. 8vo. p. 353. 
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pump ſo long, muſt continue ſenſible and 
lively under water for a much longer time : 
add to this, that the cat's pupil is obſerved to 


be greatly dilated immediately after immer- 


ion; whereas, according to Mr. Mery's prin- 
ciples, it ſhould become gradually wider, as 
the animal languiſhes more and more. 

SINCE the optic nerve and thoſe of the 
yvea ariſe from different parts of the brain, 
and have no communication with each other 
in their courſe to the eye, it ſeems evident, 
that light affecting the retina, cannot excite 
the ſphin#er of the pupil into contraction, by 
any immediate mechanical change which it 
produces, either in the muſcle itſelf, or in the 
nerves which actuate it; but the uneaſy ſen- 
fation occaſioned in the retina by the admiſ- 
ſion of too much light into the eye, may ſo 
affect the ſentient principle, which is preſent 
and ready to act, where-ever the nerves have 
their origin, as to excite it to determine the 
ſpirits more copiouſly into the orbicular mu- 
{cle of the aue, in order to leſſen the pupil, 
and exclude the offending cauſe. While the 
eye remains in the ſame degree of light, and 
directed towards the ſame object, the pupil 

remains 
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remains invariably of an equal ſize, as the 
ſame cauſe continues uniformly to excite the 
mind to determine the neryous influence in 


the ſame degree into its ſphin#er muſcle ; but 


no ſooner does the light become fainter, than 
the ſentient principle, being leſs affected, cea- 
ſes to contract this muſcle, and allows the 
curtain of the pupil to be opened by the natu- 
ral action of its longitudinal fibres, by which 
means more light is admitted into the eye, 

WHEN the eye is ſuddenly removed from a 


very faint into a bright light, a conſiderable 


dazzling, with an uneaſy. ſenſation, is plainly 
perceived; and though in {ſmaller changes 
this is much leſs perceptible, yet it may be 
ſufficient to excite the mind to contract the 
pupil ſo far as may be neceſſary in ſuch caſes 
to defend the tender retina, 

Ir it be aſked, why the orbicular muſcle 
of the ve is rather contracted than its lon- 
gitudinal fibres, upon the admiſſion of light 
into the eye ; the anſwer is, that the contra- 


| tion of the latter, would not tend to remove 
the uneaſy ſenſation, but to increaſe it: and 


ſuch is the original conſtitution of our frame, 
that the mind or ſentient principle is, in con- 
ſequence 
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ſequence of uneaſy ſenſations, inſtantly deter- 
mined to produce ſuch motions or changes in 
the body, as naturally tend to remove or leſ- 


| ſen them. 


WHEN a candle is placed before the eyes, 


| if one of theſe organs is covered with one's 


hand, or any opaque body, the pupil of the 


other will be obſerved immediately to become 


| wider. Now, as the muſcles of the wvea of 


the one eye have no manner of connexion with 


| thoſe of the other, either by means of nerves 
or blood-veſſels, unleſs it be that the former 


are derived from different parts of the ſame 
brain, and the latter from the aorta, this 


conſent in their motions muſt be altogether 


inexplicable upon mechanical principles alone: 
for if the aQtion of light on the eye is the 
cauſe of the contraction of the pupil, why 
ſhould not the pupil of the open eye remain 
equally contracted when the ſame degree of 
light continues to act upon it; or why ſhould 
it be affected by the relaxation of the other 
pupil, with which it has no immediate con- 
nexion, while the mechanical cauſe of its 
own contraction continues to act with undi- 


miniſhed force? 
Bur 
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Bur if we allow the contraction of the 
pupil to be owing to a ſentient active prin- 
ciple, which, in proportion as it is more or 
leſs affected, by the uneaſy ſenſation ariſing 
from the action of light on the retina, con- 
ſtricts the pupil in a greater or leſs degree; 
then, when one eye is ſhut, its retina being 
no more expoſed to the light, and. conſe- 
quently the ſentient principle being no longer 
excited to contract the orbicular muſcle of 
the wvea, its pupil muſt be widened by the 
natural contraction of the ſtronger longitudi- 
nal fibres of this membrane: but as the mind 
has, from the time of birth, been always ac- 
cuſtomed to contract the pupils of both eyes 
at the ſame time, the one pupil can no more 
be relaxed without the other being partly ſo, 
than one eye can be directed to the noſe, 
while the other is turned from it: for how 
much ſoever the motions of certain muſcles 
are owing to the immediate energy of the 
mind, yet it is undeniable, that, by conſtant 
habit, we ſoon loſe the power of moving 
them, except in a particular way; and as this 
is true of the eyes, whoſe motions are quite 


of the voluntary kind, and may be performed 
or 
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or reſtrained at pleaſure, it cannot with any 
ſhew of reaſon be denied to take place in ſuch 
muſcles, whoſe action is from the beginnin 2 
neceſſary and independent on the will. 

As in the above mentioned experiment the 
pupil of the open eye is conſiderably relaxed, 
on account of the conſent of its motions with 
the pupil of the other, ſo it is not to be doubt- 


ed, but that the pupil of the covered eye is 


leſs enlarged than it would be, if no light was 
admitted into the open one: thus in a gurta 
ſerena, the blind eye has its pupil ſenſibly con- 
tracted, when the ſound one is expoſed to a 


bright light, 72. e. the diſeaſed pupil follows in 


ſome degree the motions of the ſound one, 


and, by the action of light upon it, is hinder- 


ed from being ſo much relaxed as it would be 
otherwiſe. It is however probable, if a per- 
fect amaurofis was to continue long in one eye 


without affecting the other, that this conſent 


between'the pupils; as to their motions, would 
gradually become leſs remarkable, till at laſt 
the pupil of the diſeaſed eye would ceaſe to 
be leſſened almoſt in any degree by the action 


of light on the ſound one. 
Ao. Wurd 
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WurN a candle is fo placed as to ſhine full 


upon one eye, without any of its rays having of 
acceſs to the other, the pupil expoſed to the ol 
light is obſerved to be ſomewhat leſs than the th 
other; though neither of them is ſo much con- m 
tracted, as if both eyes were equally affected by ſa 
the light. Hence it follows, that notwith- a 
ſtanding there is a remarkable uniformity be- te 
tween the pupils of both eyes as to their mo- tt 
tions, yet they don't exactly keep pace, but ol 
the pupil immediately expoſed to the greateſt ſi 
light is moſt contracted. And this ſerves fur- V 
ther to ſhew, that when one eye is covered, ti 
the pupil of the open one becomes wider, n 
from the conſent between its motions and thoſe i 
of the darkened one; and not, as ſome may N { 
perhaps imagine, becauſe the mind receiving 0 


only the impreſſion of light acting upon one Y 
eye, and therefore being leſs affected than 1 


when both eyes are open, makes a leſs effort WW * 
to exclude the light, by contracting the pupil. r 
The reader will, however, eafily perceive, i ſ 
that in both ways of explaining the above pb - 
nomenon, the neceſſity of deducing theſe in- a 

voluntary motions from the ſentient principle, WM * 
is equally acknowledged. 


Ir 


%% A. Es. es. IR. SE Td 


other INvoLUNTARY MoT1ons. 123 


Ir it ſhall be alledged, that the contraction 
of the pupil is not owing to the action of light 
on the retina, but on the choroid coat, and 
that the wvea being a continuation of this 
membrane, and having its nerves from the 
fame ſource, may eaſily be ſuppoſed to have 
a remarkable ſympathy with it. Without en- 
tering into the diſpute, whether it is the re- 
tina or choroid that receives the impreſſion of 
objects, and feels the ſfimulus of light; I an- 
ſwer, that as the agreement juſt now obſer- 
ved between the two pupils as to their mo- 
tions, cannot poſſibly ariſe from any mecha- 
nical conſent between them, but muſt be ow- 
ing to ſome common PRINCIPLE in the brain; 
ſoit is highly reaſonable to imagine, that the 
contraction of the orbicular muſcle of the u- 
dea, in conſequence of light being admitted 
into the eye, proceeds from the ſame cauſe, 
and not from any connexion between the cho- 
roid and wvea: for ſuppoſing it did, why 
ſhould its circular fibres rather than its longi- 
tudinal ones be contracted ; ſince, as the lat- 
ter are nearer to, and more immediately de- 
rived from the choroid than the former, one 

would 
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would be apt to think their ſympathy with 
it ſhould be the more remarkable. 

Havins, as we hope, given a clear and 
conſiſtent account of the pupil's motions, ſo 
far as they are owing to difterent degrees of 
light applied to the eye; it may not perhaps 
be improper, briefly to point out a few miſ- 
takes of ſome authors of conſiderable chara- 
er, with reſpect to this matter. 

MR. Mery, not being able to obſerve any 
circular fibres in the iris, whoſe contraction 
might account for the conſtriction of the pu- 
pil, endeavours to prove that this is owing to 
the inflation and elongation of its longitudi- 
nal fibres by the animal ſpirits being more co- 
piouſly derived into them; and that the di- 
latation of the pupil is owing ſolely to the 
ſpring or elaſticity of theſe fibres, whereby 
they become ſhorter when left to themſelves*. 
But there is no inſtance in the human body, 
of any muſcle being elongated by a more co- 
pious derivation of the nervous influence into 
it; the conſtant effect of this i is, to (well, har- 
den, and ſhorten the muſcle at the ſame time. 
Nor indeed would it be eaſy to conceive (al- 


lowing 
* Memoires acad. des ſciences 1704, edit. 8vo. p. 352. 
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lowing a ſingular ſtructure in the longitudinal 
fibres of the iris) how they could be ſo length- 
ened by the influx of animal ſpirits, as to re- 
duce the pupil almoſt to a point, without, at 
the ſame time, being ſo inflated as to make 
a very remarkable difference i in the thickneſs 
of this membrane. 

Txt ingenious Mr. de la Hire imagines, 
that as a bright light, by diſagreeably affect- 
ing the bottom of the eye, excites us to con- 
tract the pupil; ſo, in the dark, we do our 
utmoſt to dilate it, that we may ſee more 
diſtinctly *; that is, its dilatation is owing to 
an effort of the will, determining the nervous 
influence more copiouſly than uſual into 


the longitudinal fibres of the iris. To prove 


this, he ſays, that cats in a luminous place, 
when they don't ſeem to be taking notice of 
any thing around them, have their pupils al- 
moſt quite ſhut, but that, as ſoon as any ex- 
traordinary obje& preſents itſelf, ſo as to 


draw their attention, they immediately, and 


at once, open their pupil conſiderably +. If 
this be true, as I dare ſay it is, then cats muſt 
be allowed to have a power of dilating, and 

probably 


* Memoires acad. des ſciences 1709. edit, 8vo. p. 121. 
+ Ibid. p. 121. 122. 
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probably alſo of contracting their pupil at 
pleaſure, when the quantity of light applied 
to their eyes remains the ſame ; which how. 
ever is not the caſe with men, in whom the 
wideneſs of the pupil in a ſyncope, apoplexy and 
confirmed gutta ſerena, ſhews, that, in order 
to dilate the pupil to its largeſt ſize, no effort 
of the mind is neceſſary, but only the ſuperior 
contractile power of the longitudinal fibres of 
the wvea, when its circular muſcle is not ex- 
cited into action by the /#/mulus of light on 
the retina. Nor have J ever been able to ob- 
ſerve that the pupil is narrower in a light 
room, when one does not attend to any thing 
around him, and becomes wider as ſoon as 
he looks ſtedfaſtly at any object, and endea- 
vours to ſee it diſtinctly. 

Tux ſame author, in conſequence I ſup- 
poſe of his above mentioned notion of the 
voluntary dilatation of the pupil, alfo alledges, 
that, in a bright light, when we look at- 
tentively at an object in order to fee its ſmall 
parts, the pupil is not ſo much contracted as 
it would be by the action of this degree of 
light alone, did we make no ſuch effort to 

fee any thing diſtinctly *. This, however, 

is 
* Memoires acad, des ſciences 1700, edit. 8v0, p. 121. 122. 
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is ſo far from being true, that it will appear, 
from experiments to be mentioned below, 


that in the ſtrongeſt light the pupil is leſs 
| contracted when we make no effort to ſee any 


thing diſtinctly, than when we look with great 
attention to a near object, ſo as to obſerve 
its minute parts. 

Tur learned Dr. Haller, equally doubtful 
of the exiſtence of the circular, and of the 
action of the longitudinal fibres of the wvca, 
deduces the contraction of the pupil from the 


# /imulus of light affecting the iris, and cauſing 


a greater flux of humours into its fine pellucid 
veſſels, by which means they are extended 
in length, the iris is rendered broader, and 
conſequently the pupil narrower. The dila- 
tation of the pupil, he aſcribes to the aque- 
ous humour preſſing its edges outward, when 
the powers contracting it, and conſequently 
reſiſting the preſſure of this fluid, are weak- 
ened x. But, if the contraction of the pu- 
pil was owing to the elongation of the veſſels 
of the iris, from the humours moving with 
greater force through them; then, in animals 
newly dead, warm water injected into the ca- 

rotid 

* Prime lineæ Phyſiolog. ſect. 506. & 515. 
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rotid artery, ſhould make the pupil contract m 
ſenſibly. Further, the iris ſhould become ly 
thicker and its veſſels ſwell; ſince the greater di 
force of the fluids moving in them muſt in- n. 
creaſe their tranſverſe diameter, as well as 0 
their length: thus when the penis is erected t 
by the effuſion of blood into its cells, it be- t 
comes thicker, as well as longer. Laſtly, as 
this theory ſuppoſes the contraction of the pu- 
pil to proceed from the action of light as a fi- 
mulus upon the ſenſible veſſels of the iris, it 
may be looked upon as ſufficiently confuted, 
by what has been offered above, to ſhew that 
it is to the action of light on the retina, and 
not on the iris, that the contraction of the pu- 
pil is owing. | | 
Wir reſpect to Dr. Haller's account of the 
dilatation of the pupil ; it were ſufficient to ob- 
ſerve, that as the watry humour, like all o- 
ther fluids, muſt neceſſarily preſs the parts 
of the iris as much inwards toward the pupil, 
as outwards toward the cornea, tis evident 
it can have no effect in widening the pupil. f 
Unleſs therefore the Doctor will ſnew, contra- l 
rary to the firſt and hitherto univerſally re- 
ceived principles of hydroſtatics, that the parts 


of the aqueous humour are not in equilibrio a- 
| mong 
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mong themſelves, his opinion muſt neceſſari- 
ly fall to the ground: But further, if the 


| dilatation of the pupil was not owing to the 
| natural contractility of the longitudinal fibres 


of the v], but merely to the preſſure of 


| the aqueous humour upon its edges, when 


the power conſtricting it ceaſes to act; the 
pupil ſhould, contrary to experience, continue 
to grow wider for ſome time after death, 
becauſe the veſſels and fibres of the iris, be- 
coming then remarkably more flaccid, muſt 


be leſs able to reſiſt the ſuppoſed preſſure of 


the aqueous humour: but if the enlargement 
of the pupil, is owing to the natural contra- 
ction of the longitudinal fibres of the iris, as 
has been above explained, then it will evident- 
ly appear why the pupil does not become 
wider, but rather narrower after death, be- 
cauſe theſe fibres which retract its edges, gra- 
dually loſe their contractile powers and are 
ſomewhat elongated. 

Tur accurate Winſlow is, I believe, the 
firſt who obſerved that the pupil becomes 
leſs after death. In ſome bodies he found it 
of a moderate fize, in others a good deal 


more contracted, but never much dilated, as 


R we 
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we know happens in a gutta ſerena, ſyncope, a- 
poplexy, &c *. The pupil, however, not only 
thus becomes narrower after death, but alſo 
ſometimes before it. 

Tuus in a boy of 5 years of age, wh had 
been for ſome days comatous, the pupil firſt 
became remarkably wide, and was not ſenſibly 
affected by a lighted candle brought very near 
the cornea : about 15 hours after this, look- 
ing into his eye, I obſerved, with ſurprize, 
the pupil not larger than in a ſound eye in a 
moderate light. At this time having en- 
deavoured to rouſe him, by holding ſpirit of 
ſal ammoniac. to his noſtrils, and making him 
ſwallow ſome cinnamon water with /þ. ſalin. 
aromat. the pupil was thereby ſuddenly dilated, 
and became as wide as it had been the even- 
ing before. After half an hour, he fell into 
a greater degree of //upor, and his pupil be- 


came remarkably leſs as above, and remain- 


ed equally ſo in all degrees of light; but up- 
on applying ſpirit of ſal ammon. to his noſe, 
was quickly enlarged, ſo as to occupy two 
thirds of the cornea, This experiment I re- 
peated four times in the ſpace of two days, 
ane 

* Memoires acad. des ſciences 1721. edit. 8vo, p. 410. 
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and always with the ſame ſucceſs. During 
moſt of this time, his pulſe was ſtrong and 
full. When this child's head was opened 
after death, there were found immediately 
below the corpus calloſum, about two ounces 
of water. | | "1 
FROM this remarkable hiſtory, it ſeems ma- 
nifeſt, that the dilatation of the pupil ſoon 
after the coming on of the coma, was owing 
to the compreſſion of the thalami nervorum o- 


pticorum, by the water collected in the brain, 


which rendered the retina inſenſible to the „i- 
mulus of light. Soon after, the origin of the 
nerves of the vv beginning to be compreſ- 
ſed by the growing collection of lymph, the 
longitudinal fibres of this membrane loſt 
their power of contraction, and became flac- 
cid, almoſt as in dead bodies; whence the 
edges of the pupil were leſs retracted. The 
volatile ſpirits applied to the olfaQtory nerves, 
by giving a ſhock to the whole brain and ner- 
vous ſyſtem, in ſome degree opened the ob- 
ſtructed nerves of the ea, ſo as to allow their 
influence to be derived into its fibres, the ne- 
ceſlary conſequence of which was the dilatation 
of the pupil. But as ſoon as the effect of this 

ſtimulus 


132 Of the VITAL and 


fimulus was over, the influence of their nerve; 
being again intercepted, the longitudinal 
fibres of the wvea were relaxed, and therefore 
the pupil was leſs dilated. As theſe different 
ſtates of the pupil were more remarkable in 
the left than in the right eye, it is probable, 
that one fide of the medullary ſubſtance of 
the brain was ſomewhat more compreſſed 
than the other. Laſtly, ſince, after the pupil 
was enlarged by the Himulus of the volatile 
ſpirits, the eye ſtill remained wholly inſenſible 
to the ation of light, it is reaſonable to think, 
that the preſſure upon the origin of the optic 
nerves was greater, than upon that of the 
nerves of the veg: but although the origin 
of both theſe nerves had been equally affect- 
ed by the diſeaſe, yet the volatile ſpirits ap- 
plied to the membrane of the noſe, ought 
to have produced a more remarkable effect 
upon the latter, becauſe the opthalmic branch 
of the fifth pair of nerves which ſerves the 
uvea, ſends off a branch, which, along with the 
olfactory nerve, is diſtributed to this mem- 


brane. 
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2. Tur motions of the pupil are not only 
neceſſary to adapt the eye to different degrees 
of light, but alſo to the diſtinct viſion of 
objects at different diſtances. Thus if a 
book which one can eafily read at the di- 
ſtance of two feet, is gradually brought 
nearer the eye, till the letters can be no long- 
er diſtinguiſhed, the pupil will be obſerved 
to become narrower in proportion as the hook 
approaches the eye. Again, if one looks firſt 
to a candle two or three feetdiſtant, and imme- 


| diately after to the point of a quill, or any ſuch 


object, within five or ſix inches of the eye, and 
nearly in the fame direction with the candle, 


the pupil will be ſenſibly contracted: now, 


as the ſame quantity of light from the can- 
dle, ſhines upon the eye in theſe two caſes, 
the greater contraction of the pupil in the 
latter caſe, cannot be owing to the light 
more ſtrongly affecting the retina, but to an 
effort of the mind to ſee the object more 
diſtinctly. This is ſtill further confirmed by 
the following experiment ; let one with his 
back to the light, firſt look to an object of a 
lively colour at the diſtance of three or four 


feet from his eyes, and afterwards to a dark one 
at 
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at the diſtance of one foot, and the pupil will 
be obſerved to become ſenſibly narrower when 
he looks at the near object, although the 
quantity of light reflected from it is leſs, 
Hence the learned Dr. Jurin is miſtaken 
when he ſays, that in a faint light the pupil 
is ſo far from contracting in order to diſtin 
viſion, that there is rather a neceſſity of di- 

lating it in order to take in more light “. 
Tux neceſſity of this contraction of the 
pupil when we look at near objects in order 
to render viſion more diſtinct, is eaſily under- 
ſtood ; for as in near objects the divergency 
of the rays is much greater than in diſtant 
ones, and as thoſe rays only ſerve for diſtin& 
viſion, which do not diverge much from the 
axis of each pencil, the pupil muſt be con- 
tracted, in order that the uſeleſs or diſturbing 
ones may be excluded. The contraction 
therefore of the pupil in viewing near ob- 
jects, is not ſolely owing to the ſpiſſitude of 
the rays reflected from them, as Plemprus, 
who firſt obſerved this motion, and others af- 
ter 


* Effay on diſtin and indiſtinct viſion at the end f 


Smith's Optics, p.145. 
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ter him, have thought *, but chiefly to an ef- 
fort of the will in order to diſtinct viſion: 
in like manner, when we look at remote ob- 
jects, the pupil not only becomes wider, be- 
cauſe the rays are thinner, and conſequently 
their light fainter, but chiefly becauſe the con- 


traction of its /phinfer muſcle is no longer ne- 


ceſſary to leſſen the diſſipation of the rays. 
In viewing diſtant objects, the pupil is not 
widened by any effort of the mind, but its 
ſize is entirely determined by the quantity of 
light applied to the eye, which, as it is, cæte- 
ris paribus, fainter in diſtant than in near ob- 
jets, muſt occaſion a ſmall degree of dilata- 
tion in the pupil, when we contemplate the 
former : but in looking at any thing nearer 
the eye, than that diſtance at which we ſee 
diſtinctly, and with the greateſt caſe, the con- 
traction of the pupil is principally owing to a 
voluntary exertion of the mind's power in 


order to render viſion more diſtin& ; and but 


in a very ſmall degree, to the ſtronger and 
more vivid light, which the object, on ac- 
count of its vicinity, reflects upon the eye. 

Hence 


* Plemp. opthamogr. lib. 3. cap. 8. and Haller. com- 
ment. in inſtitut, Boerhaav. ſect. 536. 
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Hence its dilatation in the former caſe, is much 
leſs remarkable than its contraction in the 
latter. | 
Maitre- Jan has, by a wonderful miſtake, af. 
ſerted, that the pupil is leſſened when we look 
at diſtant objects, and enlarged when we be- 
hold near ones; and is at great pains to ſhew 
the uſefulneſs of theſe motions to diſtinct vi- 
ſion. But his reaſoning on this head is ex- 
tremely weak, and ſcarce conſiſtent with 7 
tolerable knowledge of optics “. 
| THe author of the Eſais de phyſigue, ſup- 
poſed to be Dr. Senac, has fallen into an error 
not leſs inconfiſtent with the laws of viſion, 
when he affirms, that the images of objects in 
the bottom of the eye, are greater or leſs, as 
the pupil is more or leſs dilated ; and hence 
accounts for the ſun's appearing much lar- 
ger when he firſt gets above the horizon, 
than at mid-day, when his greater ſplendor 
makes the pupil to be more contracted . 
But if this were ſo, objects ought to appear 
always largeſt in the fainteſt light; which 
| we 
* Maladies de Til. chap. viii. & xxi. 


+ L'Anatomie d Heiſter, avec Eſſais de phyſique, edit. 2. 
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we do not find confirmed by experience. 
Further, ſince the image of any object is 
formed by the union of the pencils of rays 
that flow from each point of the object in cor- 
reſpondent points of the retina, it is evident, 
that its magnitude depends on no other cir- 
cumſtances, but the real magnitude of the 
object, and its real diſtance from the eye *. 
The different fize of the pupil may, agreeably 


to what has been obſerved above, affect the 


luſtre and accuracy of the ſeveral points of the 


| image, but cannot alter their diſtance, be- 


cauſe the axis of the ſeveral pencils, and their 
angles of inclination, continue the ſame, what- 
ever is the bulk of the pupil.——Any one 
may ſatisfy himſelf at once, by an eaſy expe- 
riment, that the contraction and dilatation of 
the pupil cannot alter the bulk of the image 
of any object formed on the bottom of the eye; 
for the picture which is made by a common 


lens on a ſheet of paper, will not be found to 
8 ſhrink 


lt is not affirmed, that the apparent magnitude of ob- 
jects depend on the circumſtances here mentioned alone; 
for we are well aware, that experience, the known diſtance 
of objects, and other things, have great influence in this 
matter. 
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ſhrink or ſwell, when greater or leſſer con- 
centric portions of the lens are covered. 

As we have already ſeen, that the pupil 
cannot be ſo much contracted by the action of 
light alone on the eye, as when, along with 
this, there is an effort of the will to ſee a 
near object more diſtinctly; ſo the pupil can- 
not, by any effort, in order to diſtinct viſion, 
be as much leſſened in a faint light as in a 
bright one. Thus, if one with his back to 
the windows of a room, brings a ſmall print- 
ed book ſo near his eyes, that he cannot, with- 
out ſtraining, diſtinguiſh the letters; upon 
turning his face quickly to the light, he will 
be able to read with little difficulty ; becauſe, 
by the action of the ſtronger light on the re- 
tina, the pupil is immediately leſſened, and 
therefore its power, to prevent the diſſipation 
of the rays, and conſequently indiſtinct viſion, 
is increaſed. Hence neither the ſingle effort 
of the mind to avoid indiſtinct viſion, nor a 
vivid light alone, can contract the pupil to its 
leaſt ſize, that is, not ſo much as when both 
theſe cauſes of its contraction are united. 

In infants, but more eſpecially in ſuch as 
are newly born, the pupil is obſerved to be 

conſiderably 
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conſiderably wider than in grown people, 
when the eyes of both are expoſed to the ſame 
degree of light; 1. becauſe in fetuſes and 
new-born children, the cornea being thicker, 
leſs tranſparent, flatter, and not ſufficiently 
ſtretched, on account of the ſmall quantity of 
aqueous humour *, viſion is very indiſtinct, 
and the retina is leſs affected by the rays of 
light, which are neither freely tranſmitted to, 
nor properly collected upon it; and, 2. be- 
cauſe they want in a great meaſure the faculty 
of contracting the pupil, in order to the more 


diſtinct viſion of near objects, which ſeems 


to be partly acquired by habit. The cauſes, 
therefore, to which the contraction of the 
pupil are owing, being weaker in infants than 
in adults, tis no wonder that this paſſage ap- 
pears more dilated in the former than in the 
latter. Dr. Jurin has given a different ac- 
count of this phenomenon; but ſuch as we 

can by no means think ſatisfactory . 
In old people the pupil becomes leſs move- 
able, becauſe the retina grows leſs ſenſible of 
. the 


* Memoires acad. des ſciences 1727. edit. 8vo. p. 24” 
349. & 350. 
+ Effay on diſtinct and indiſtinct viſion, p. 147. 
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the fimulus of light, and the muſcular fibreg 
of the iris loſe in part their contractile power: 
further, in old age the cornea, on account of 
the decreaſe of the aqueous humour, not only 
loſes its brilliancy, but becomes alſo in ſome 
degree wrinkled ; whence the retina will be 
leſs affected by-light, and conſequently | the 
pupil will be leſs contracted. 

THE motions of the pupil from light, dif- 
fer from thoſe which are performed in order 
to render viſion leſs indiſtinct; fince the for- 
mer are owing to an uneaſy ſenſation affecting 
the retzna; whereas the latter ariſe from an 
act of volition, or effort of the will in order 
to the more diſtin& viſion of objects at cer- 
tain diſtances. The' former are of the ſame 
kind with the contraction of the diaphragm 
in the hiccup and in vomiting, of the muſcles 
of reſpiration in ſneezing, and of the accele- 


ratores urine in expelling the ſemen. The 


latter agree with the motions of the cryſtal- 
line, by which the eye is adapted to ſee dil- 
tinctly at different diſtances, and with the u- 
niform motions of the eyes in looking at ob- 
jects. The firſt are ever neceſſary and inde- 
pendent of the will; but the ſecond ale 
| plainly 
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| the contraction of the ciliary proceſſes and or- 


form them ſeparately; nay, as often as we 
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plainly voluntary, and can be reſtrained if 
we pleaſe, though they are often not attended 
with conſciouſneſs of volition. 

In looking at near objects, the pupil is leſ- 
ſened, at the ſame time that the cryſtalline 
humour is brought forward towards the cor- 
nea, by the contraction of the ciliary proceſ- 
ſes ; but when we contemplate diſtant ones, 


bicular muſcle of the zvea ceaſing, the cry- 
ſtalline returns to its natural fituation, and the 
pupil to that ſize to which it is fixed by the 
quantity of light applied to the eye. Theſe 
motions though both voluntary, yet come to 
be ſo connected by habit, that we cannot per- 


direct our eyes to any near object, the motion 
of the cryſtalline and contraction of the pupil 
naturally go along, and are performed in ſuch 
a degree, as is moſt proper to procure diſtinct 
viſion at that particular diſtance : nor can we 
ſeparate theſe three motions ; although as they 
are all voluntary, they may be reſtrained or 

performed at pleaſure. 
Tur pupil differs from the anus, neck of 
the bladder, and other paſſages guarded by 
ſphin@ers, 
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ſphinfers, in being always dilated when 
nothing adventitious acts on the eye, while 
the latter, left to themſelves, are conſtantly 
contracted ; the reaſon of which is, that the 
natural and equable contraction of the longi- 
tudinal fibres of the zvea, which ſerve to di- 
late the pupil, is ftrongeſt, while the contrary 
holds true of the other paſſages now menti- 
oned, whoſe ſphinfter muſcles have either no 
proper antagoniſts, or ſuch as are much 
weaker than themſelves. Further, after 
death, when theſe ſphinFers are relaxed, and 
conſequently their paſſages rendered more pa- 
tent, the pupil becomes ſenſibly leſs, becauſe 
the longitudinal fibres of the iris, to whoſe 
contraction its dilatation was owing, loſe 
their contractile power, grow flabby, and are 
elongated. Hence we ſee, that at death the 
eye- lids remain partly open, for the ſame rea- 
ſon that the pupil is leſſened after it. 

Ir from any cauſe the longitudinal fibres of 
the urea are rendered quite paralytic, while 
its circular muſcle retains its uſual power, the 
pupil will, by the natural contraction of the 


latter, be at all times very much conſtricted, 


ſo that in a bright light it will become little 
lets 


— 
„ 
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leſs than in the ſhade. If the circular, as 
well as longitudinal fibres of the iris, are en- 
tirely paralytic, the pupil will be altogether 
deſtitute of motion, and much in the ſame 
tate that it is ſome time after death, i. e. it 
will be generally as much contracted as the 
pupil of a ſound eye is in a moderate degree 


| of light. If the muſcular fibres of the iris 


are not wholly deprived of their contractile 
power, but greatly weakened, the pupil in a 


| dark place will have its edges a little retracted 
| by the action of the longitudinal fibres, and 
in a bright light will be ſomewhat leſſened by 

the contraction of the circular ones; but theſe 


motions will be much more inconſiderable 


| than in a ſound eye. 


In all the caſes now mentioned, the diſeaſe 


called by Hippocrates, and others among the 


antients, IEν)u , will happen, :. e. the 
patient will ſee in the day-time, but in the 
twilight and night-ſeaſon, he will not be able 


to diſtinguiſh objects. An inſtance of this I 


had lately occaſion to ſee in a young man of 
about 27 years of age, who had ſerved for 
ſome time in the navy, where he had been 
expoſed to much fatigue and cold : his eyes 

appeared 
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appeared found; nor could I obſerve that 
they differed from the eyes of other people, 
excepting that the pupil had very little mo- 
tion : it remained always pretty narfow, and 
was neither remarkably contracted by light, 
nor dilated in the dark, This perſon ſaw 
well enough in the day-time, eſpecially if the 
weather was ſerene; but in the twilight, or 
in an obſcure place, was ſo far from diſtin- 
guiſhing objects, that he could ſcarcely find 
his way: as his pupil had ſome motion, tis 
probable, that the fibres of the iris were not 
quite paralytic, though greatly debilitated : his 
ſeeing in the day-time ſhewed, that the retina 
was either wholly, or in a great meaſure, ſound; 
and that his blindneſs in a faint light, was ow- 
ing to the pupil's not being dilated ſo as to ad- 

mit a ſufficient quantity of rays into the eye. 
TIF, after an inflammation of the iris, a ri- 
gidity is left on its circular or longitudinal 
fibres, the pupil will be deprived, either 
wholly, or in a great meaſure, of its uſual 
| motions; and may be either too much con- 
tracted, or greatly dilated : if the former, 
the patient will only ſee well by day; if the 


latter, the eye will not be able to bear a bright 
light, 
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light, and therefore the patient will ſee beſt 
in the ſhade and by candle light; 7. e. he will 
labour under the diſeaſe called VUETANGTIC, 
ALTHOUGH in an amaurgſis the pupil is ge- 
nerally very wide, yet this is not always the 
caſe, for as often as the fibres of the Ae are 
entirely deprived of their contractile powers, 
the pupil appears as much or rather more con- 


| tracted than in a ſound eye. Of this I faw 
| an inſtance, not long ago, in a woman who 


was almoſt totally blind of both eyes, where 
there was no opacity in the cornea or cryſtal- 
line humour, but only a want of motion in 
both pupils. The pupil of the right eye was 
immoveable, and always as much contracted 


as it ſhould have been in a moderate light; 


the other was dilated, as is uſual in a gutta 


| ſerena; but when expoſed to the light ſeemed 
to contract a very little. By means of this eye 
ſhe diſcerned light from darkneſs, but could 


not diſtinguiſh objects: with the other eye ſhe 
law nothing. 

Ix this patient both eyes ſeem to have been 
affected with a gutta ſerena; in the right eye 
the retina was not only inſenſible, but the 
muſcular fibres of the v muſt have been 

x quite 
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quite paralytic, whence the pupil remained 
always moderately contracted, as , inſſou 
has commonly obſerved it ſometime aſter 
death *. In the left eye the retina, though 
conſiderably diſeaſed, was not wholly deſtitute 
of feeling, and the fibres of the wa ſeem 
to have been ſound and poſſeſſed of their u- 
ſual contractile power. 


07 the motions of the muſcles of the internal 


eare - 


S, without the motions of the pupil, the 

eye would have been ill contrived for 
viſion in different degrees of light, and at dif- 
ferent diſtances ; ſo the ear would have been 
unfit for hearing diſtinctly a diverſity of 
ſounds, were not ſome of its parts capable of 
various degrees of tenſion. A muſical chord, 
of a determinate length and tenſion, can on- 
ly vibrate harmonically with one particular 
ſound ; if therefore there was no mechaniſm, 
by means of which the membranes of the 


tympanum and feneftra ovalis could be more or 
7 leſs 
_ ® Memoires acad. ſciences 1721. edit. 8vo. p. 416. 
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leſs ſtretched: or relaxed, they could only be 
harmonically affected by one ſound ; which 
therefore alone would be heard diſtinctly, and 
all others more or leſs confuſedly. To pre- 
vent this inconveniency, the malleus is fur- 
niſhed with three muſcles, and the fapes with 
one; by the various contractions of the for- 
mer, the membrane of the tympanum, and 
by means of the latter, the membrane of the 
feneſtra ovalts, is rendered more or leſs tenſe, 
and fo accommodated to almoſt all poſſible 
ſounds. | 
IT may well appear wonderfal, how the 
ears ſhould be ſo exactly adapted by the vari- 
ous contractions of theſe muſcles, to ſuch a 
vaſt variety of ſounds; but with what exqui- 
fite {kill and amazing wiſdom, is every thing 
in the animal frame adjuſted ! —As the 
flimulus of light upon the retina, and the ſen- 
ſation of indiſtinctneſs in near objects, excite 
the mind to contract the pupil, ſo the leſs 
diſtinct tremor of different ſounds, affecting 
the auditory nerves, is the eauſe of the ſub- 
ſequent contractions of the muſeles of the in- 
ternal ear; for no ſooner does the mind per- 


ceive the firſt indiſtin& noiſe of any ſound, 
but 
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but it inſtantly contracts ſome of the above 
muſcles, ſo as moſt nicely to adapt to it the 
membranes of the tympanum and feneſtra o. 
valis: if the ſound be acute theſe membranes 
are juſt as much ſtretched as is neceffary for 
their vibrating harmonically with it ; if it be 
flat, they are duly relaxed: and thus, by a 
moſt ſimple mechaniſm, the ear is rendered 
ſenſible of the ſmalleſt variations of ſound or 
difference of notes in muſick. As infants 

ſeem, by habit, to acquire a faculty, or at leaſt 
a a greater dexterity of adjuſting their eyes, by 
the motions of the pupil and cryſtalline hu- 
mour, to the various diſtances of objects, fo 
ũt is not altogether improbable, that they may 
at firſt hear leſs diſtinctly, till, by degrees, 
they come to acquire a power of readily ac- 
commodating their ears more exactly to dif- 
ferent ſounds. And is not the want of an 
EAR (as it is uſually called) owing to a defi- 
ciency of this power *? While that exquiſite 
diſcernment of muſical ſounds, which many 
poſſeſs, ſhews, that they can adjuſt their ears 


to different notes with the greateſt accuracy. 
THAT 


This may ariſe either from a leſs degree of ſenſibilit/ 
in the auditory nerves, or of agility in the muſcles of the car, 
or from both. | | 


* 
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THAT the motions of the muſcles of the 
internal ear proceed from the mechanical a- 
ion of ſound or vibrating air on their fibres, 
the analogy of the motions of the pupil for- 
bids us to believe. Further, if this was the 
caſe, why ſhould not all the muſcles of the 
malleus be equally contracted by the ſame 
ſound? And why ſhould thoſe which ſerve 
to ſtretch the membrane of the drum, be ex- 


| cited into motion by acute ſounds, while the 


muſcle which relaxes it, is only brought into 
action by grave ones? As brute animals up- 
on the firſt perception of any noiſe, turn their 
external ears towards the place from whence 
it comes, ſo, at the ſame time, they adapt 


their internal ear to it; the firſt of theſe mo- 


tions cannot be denied to flow from their ſen- 
tient principle actuated by the ſound; why 
then ſhould we doubt that the latter proceeds 
from the ſame cauſe? 

Tux motions of the muſcles of the inter- 
nal ear in conſequence of various ſounds, are 
not only unattended with conſciouſneſs of vo- 
lition, but altogether neceſſary and involunta- 
ry, for we cannot move them except when 
ſound ſtrikes the ear, nor hinder them to act 


when it does. 
| 5 of "als ef 
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SECT. vin. 
( the alternate motions of reſpiration, 


D FEsrmAriox is that action whereby a 

certain quantity of air is alternately re- 

ceived into the lungs and expelled out of them: 

it confiſts of inſpiration and expiration. In. 

ſpiration, or the reception of air into the lungs, 

is owing to the contraction of the intercafal 
muſcles and diaphragm, whereby the cavity of 
the thorax is both lengthened and widened; 
for as the lungs, together with the heart, &:. 
perfectly fill the cavity of the breaſt, and a; 


their exterior ſurface is every where conti- 


guous to the pleura and diaphragm *, it ne- 
5 | x © RR 
* Some authors, I know, contend, that the lungs are nt 


contiguous to the pleura, and that, in the ſpace between 


them, there is contained, what they call internal air, the 
uſe of which in reſpiration, they are at great pains to ſhew; 
but the arguments, upon which this opinion is founded, 
are no way concluſive, and might be eaſily refuted, were 
it not foreign to our preſent deſign; nor is the authority ct 


the accurate Morgagni here of any weight *, ſince the belt 


Anatomiſt may be deceived in making a ſingle experiment, 
and ſince we have the repeated experiments of ſome of the 
greateſt Anatomiſts againſt him; nay in every dead _ 
where the integuments and intercoſtal muſcles are caref ly 


taken off, the lungs, are ſeen contiguous to the pleura. 


* Adverſar. anat. 5. animadver. 33. p. 46. 
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ceſſarily follows, that when the diaphragm, 
by its contraction deſcends, and the ribs, by 
the action of the intercoſtals, are raiſed, the 
lungs muſt follow them, and conſequently 
the external air ruſh in by the glortzs, to fill 
the vacuity that would otherwiſe happen in 
the cavity of the cheſt. 

INSPIRATION being thus performed, the 


| inſpiratory muſcles are relaxed, upon which 


the ribs by the renitency of their elaſtic car- 
tilages return to their former ſituation, and 
the diaphragm, by the reaction of the ſtretch- 


ed peritoneum, pericardium, and abdominal 
muſcles, is puſhed up into the thorax ; whoſe 


cavity being therefore diminiſhed, the air 
contained in it, muſt be expelled by the glot- 
lis *. 

In order to account then for the alternate 
motions of reſpiration, it is only neceſſary 
to ſhew, why the intercoſtal muſcles and 
diaphragm are alternately contracted, and re- 
laxed, ſince their contraction produces inſpi- 
ration, and their relaxation allows the reni- 


tency 

* While the cavity of the thorax is leſſened by the 

cauſes here mentioned, the muſcular fibres of the bronchia, 

by their contractile power, contribute to the expulſion of 
the air out of the lungs, 
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tency of the cartilages of the ribs, &c. to 


cauſe expiration *. But as Mr. Bremond has 


in the memoires of the acad. of ſciences for 
1739, favoured us with a ſet of pretty extra. 
ordinary experiments, which, he thinks, clear- 
ly prove, that the lungs are not paſſive in the 
affair of reſpiration, but endued with a power 
of dilating and contracting themſelves, in- 
dependent of the motions of the Thorax; it 
will be neceſſary, before we proceed any 
further, to ſhew, how far this ingenious 
Gentleman has been deceived ; and that the 
| lungs have really no proper alternate motion 
of their own, but follow the motions of the 
cheſt, | 
OF the experiments related by Mr. Bremond 
the following are the moſt remarkable. 


1. AFTER a wound made in the thorax of a 
dog, the lungs, inſtead of collapſing, continu- 
ed to be contracted and dilated alternately, but 
their motions were aſynchronous to thoſe of 


the 


* If any one doubts of both rows of intercoſtal mu- 
ſcles 3 to pull up the ribs, he need only compare 
what J/inſlow has ſaid on this head (anat. ſect. 3 No 
1057, 1058, 1059,) with the courſe and direction of theſe 
muſcles in a freſh ſubject, or if that can't be had, with 
the elegant figures of them publiſhed by Dr. Head! at 
the end of his lectures on reſpiration. 


a ET. SE ot © © 


other INvoLUNTARy MoTtoxs: 153 


the thorax; for when the ribs were depreſſed, 
a ſmall portion of the lungs was thruſt out 


at the wound with a conſiderable force *. 


2. AFTER making an opening in the breaſt, 
and breaking four or five of the ribs, the 
lungs continued for ſome time to be alternate- 
ly expanded and contracted ; iſſuing out 
at the wound always when the 7horax col- 
| lapſed. 


3. AFTER three ligatures were made up- 
on the trachea of a dog, and the thorax was 
opened, the alternate motions of the lungs 
were obſerved to go on very briſkly; but 
they appeared to be dilated, and iflued out at 
the wound when the cheſt was contracted, 
and vice verſa . 

HowEveER difficult it may be thought, at 
firſt fight, to account for the appearances in 
theſe experiments, yet it is eaſy to ſhew, 
that the lungs cannot poſſibly be endued 
with a power of expanding themſelves, in- 
dependent of the dilatation of the 7horax, 


U as 
* Memoires 1739, edit. 8vo. p. 463. and 465. 
+ Ibid. p. 464. and 465. 
| Ibid, p. 468. 
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as Mr. Bremond ſeems to think, after Platerus, 


Sennertus, and others, who in this followed 
the doctrine of the Arabian phyſicians. 

As the lungs are compoſed of an infinite num- 
ber of veſicles and cellular interſtices *, which 
are partly made up of elaſtic contractile fibres, 
tis eaſy to perceive that when diſtended with 
air, they muſt endeavour to reduce themſelves 
to their former bulk; but, ſuppoſing the 
veſicles of the lungs empty and collapſed, 
by what mechaniſm can they expand them- 
ſelves, or where are the antagoniſt muſcles 
that can overcome the natural contraction of 
their fibres? All the hollow muſcles of ani- 
mals are continually endeavouring to contra, 
Nor can they be dilated by any mechaniſm 
of their own: thus the bladder of urine, 
which may aptly enough be compared to 2 
ſingle veſicle of the lungs, ſpontaneouſly con- 
tracts itſelf, when the urine is evacuated, and 

wo uld 


* The reader may eaſily ſee, that our reaſoning here 
is of equal force, whether the lungs are ſuppoſed entirely 
cellular, with Helvetius , or partly veſicular partly cel- 
lular, with Winſlow +. 

be —— acad, des ſciences 1718, edit. 8vo. p. 30. 
31. Se. 


+ Anatomie. ſect. ix. No 105. 106. 107. 
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would for ever remain in this ſtate, were it 
not dilated by the urine following anew into 
it, In the ſame manner the ſtomach and in- 
teſtines, which are hollow muſcles, have no- 
thing in their ſtructure by which they can 


| expand themſelves: they are ever endea- 


vouring to arrive at their leaſt capacity, and 
are only prevented by the aliment, air, and 


| other fluids contained in them. It follows, 


therefore, that the pulmonary veſicles and 
cells, which are compoſed of elaſtic con- 
tractile fibres, cannot poſſibly be dilated by 
any power or action of their own. 

BuT further, if Mr. Bremond's experi- 
ments prove any thing, the lungs have not 
only a power of inſpiring air by the trachea ; 
but, although this fluid is denied its uſual 
acceſs by the glottrs, can expand themſelves 
alternately, notwithſtanding the preſſure of 
the atmofphere upon their external ſurface 
refiſting ſuch expanſion ; which is not leſs 
abſurd, than if one ſhould affirm, that a bladder 
perfectly empty, with a tight ligature about 
its neck, could, by its own proper power, ſwell 
and overcome the preſſure of the external 
air, 

Having 
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Having ſhewn that the lungs cannot poſ. 
ſibly be endued with a power of expanding 
themſelves, it remains, that we now inquire, 
to what cauſes their apparent motions, in 
Bremond's experiments, were owing. 

In the two firſt experiments above men- 
tioned, when the cavity of the thorax was 
enlarged by the action of the inſpiratory 
muſcles, a ſmall portion of air would be re- 
ceived by the gl/ottzs into the lungs of the 

wounded fide: but as this coyld bear no great- 
er proportion to the air entering bythe wound, 
than the aperture of the glottis did to this 
opening, the ribs would at that time recede 
from the lungs, which therefore would ſeem 
to ſubſide When the thorax collapſed, the 
air contained betwixt the ribs and the ſur- 
face of the lungs eſcaping by the wound, 
the lungs would ſoon become contiguous to 
the ribs, and even part of them would be 
puſhed out at the opening, not only on ac- 
count of the convulfive conſtriction of the 
thorax ſqueezing the lungs much more, than 
in ordinary expiration, but partly from the 
ſmall quantity of air received by. the giti 
during the former inſpiration, and not yet 
wholly 


1 
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wholly expelled, which being rarified by the 
heat of the lungs, muſt conſiderably increaſe 
their bulk. 

Tux apparent conſtriction therefore of the 
lungs, when the dogs endeavoured to in- 
ſpire, remarked by Bremond in his experi- 


ments, is wholly to be aſcribed to the enlarge- 


ment of the thorax, which at this time riſes 
from the anterior ſurface of the lungs q 
while they following the diaphragm now 
ſtrongly drawn down towards the abdomen, 
really recede from the ſlernum. And if, du- 
ring expiration, upon the ribs being depreſ- 
ſed, and the diaphragm being forcibly thruſt 
up into the cavity of the breaſt, by the ſtrong 
convulſion of the abdominal muſcles, the 
lungs really appeared to ſwell, and ſome 
portion of them was even forced out at the 
aperture made in the thorax ; yet this ought 
not to be attributed to an expanſion of the 


lungs happening at this time, but rather to 


the ſubſiding of the ribs and the protruſion of 
the diaphragm into the cheſt, whoſe cavity be- 
ing therefore greatly diminiſhed, the lungs (in 
ſome degree inflated) not only fill it, but being 


prefled on all fides, are thruſt out at the 
N wound, 
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wound, where there is leaſt reſiſtance, as ſoft 
clay, leaven, or ſuch like ſubſtances, when 
ſtrongly ſqueezed in the hand, are forced 
through the interſtices between the fingers, 
Bur further, while the thorax is wounded 
only on one fide, the lung of the other fide 
continues to follow the motions of the cheſt 
as uſual, and to be alternately inflated with 
air ruſhing into it by the glottis*: when there- 
fore, during expiration, the air is forcibly ex- 
pelled out of this lung, although the greateſt 
ſhare of it eſcapes by the giottis, yet, ſince 
fluids preſs equally every way, ſome part muſt 
enter the large branches of the trachea which 
belong to the lung of the wounded fide, and 
conſequently dilate it; and this the more re- 
markably, as the animal in howling con- 
ſtricts its g/ottzs more or leſs, and fo renders 
the egreſs of the air through it more diffi- 
cult; hence, during expiration, this lung 
will appear to ſwell conſiderably, and part 
of it will be puſhed out at the opening in the 
thorax, not only as its cavity is at this time 
greatly leſſened, but as the lung itſelf is re- 
ally in ſome degree inflated: 'tis plain how- 
ver, 
as Highmore diſquifit, anatom. p. 188, : 
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erer, that even this inflation is owing to the 
conſtriction of the thorax-forcing the air out 
of the lung of the ſound fide. 

Tuis is further confirmed by an obſerva- 
tion of Dr. Houſton, who tells us, that when 
the dog howled, his lungs burſt out at the 
wound, but when he was filent, they retired 
within the thorax *; and ſeems to be put be- 
yond doubt, even by an experiment of Bre- 
mnd's own making, in which although, after 
making an opening into one fide of the - 
rax, and breaking three or four ribs, the lungs 
were puſhed out at the wound, every time the 
breaſt was contracted; yet, as ſoon as the an- 
terior part of the thorax and ſternum were 
raiſed, and both ſides of the breaſt thus laid 
open, the lungs inſtantly collapſed, and re- 
mained ſo without any motion, notwithſtand- 
ng the heart, ribs and diaphragm continued 
their alternate motions for ſome time +, 

Ds. Higbmore, who ſpeaks of the number 
of his experiments made upon dogs, in or- 
der to ſatisfy himſelf concerning the manner 
in which reſpiration is performed, as having 

almoſt 


* Philoſophical Tranſactions abridged, vol. 9. p.141. 
1 Memoires acad, des ſciences 1739, edit. 8vo. p. 464- 
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almoſt threatened the entire deſtruction of 
that ſpecies of animals, obſerves, that when 
both ſides of the thorax had large wounds 
made in them at once, the lungs always col. 
lapſed *: nay there is not one of the many 
experiments related by Bremond himſelf, in 
which the lungs were puſhed out of the bo. 
rax, when both ſides of it were opened. 
IT muſt be owned indeed, that, in two ex- 
_ periments of Van Swieten, the lungs did not 
collapſe, after both ſides of the thorax were 
perforated, but were protruded through the 
apertures, during expiration ꝓ. However, it 
is to be obſerved, that the wounds ſeem to 
have been but ſmall; ſince he afterwards adds, 
that when the opening in each fide of the bo- 
rax parallel to the ribs, was half an inch or 
more in length, the animals quickly died. 
Further, while the animals lay quiet, the 
lungs kept within the cavity of the breaſt, and 
were only thruſt out of the wounds, when, 
on account of pain, they made great efforts; 
and ſince in ſtraining, or any violent motion 
of our muſcles, we always conſtrict the glt- 
tis, and retain the inſpired air in the horas, 
1 


* Diſquiſit. anatom. p. 188. 
+ Comment. in Boerbaav. aphor. p. 271. 
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i is more than probable, that the eruption of 
the lungs through tlie wounds, in expira- 
tion, was owing to the air being retained in 
them while the 7horax collapſed. Laſtly, Van 
Suieten obſetved, that during inſpiration the 
orifices of the wounds became leſs patent, by 
the ribs being drawn nearer one another, ſo 
that a leſs quantity of air would enter by them, 
and a greater proportion by the glottis: hence 
the lungs did not collapſe ; as always happen- 
ed in Hrghmore's experiments, when very 
large openings were made at the ſame time in 
both ſides of the thvrax ; but when a hollow 
tube, whoſe aperture greatly exceeded that 
of the glottis, was introduced into the wound 
of each fide, the lungs inſtantly ſubſided, 
reſpiration ceaſed, the voice failed, and the 
dog ſeemed to die * 

W1TH regard to the phanomena, in expe- 
riment 3d above mentioned, it ought to be 
dbſerved, that the lungs ini a natural ſtate, e- 
qually fill the cavity of the 7horax in inſpira- 
tion and expiration ; if therefore we ſuppoſe 
the lungs to have been in a middle ſtate of 
diſtenſion, when Mr. Bremond made his liga- 

X tures 

* Commentar, in aphoriſm. Boer baav. tom. 1. p. 271. 
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tures on the frachea, their bulk muſt have 
been conſiderably leſs than the cavity of the 
thorax when moſt enlarged, but at the ſame 
time greater than this cavity when the cheſt is 
violently conſtricted : ſo that we ought not 
to be ſurpriſed, if, upon the elevation of the 
ribs and depreſſion of the diaphragm in inſpi- 
ration, the lungs appeared to ſubſide, and no 
longer filled the 7horax, or if, upon the con- 
ſtriction of the breaſt in expiration, they ſeem- 
ed to ſwell, and part of them was puſhed out 
at the wound, 

Bur though we ſuppoſe the trachea to have 
been tied during inſpiration, yet fince Bre- 
mond found, notwithſtanding the ligatures, 
that after the dog's death, a ſmall quantity 
of air blown forcibly through the 7rachea paſ- 
ſed into the lungs, it is not improbable that 
the diaphragm and ribs ſtrongly ſqueezing the 
lungs in expiration, had forced out. part of 
the air contained. in them through the wind- 
pipe, ſo as to have reduced them to a mode- 
rate ſtate of expanſion. 

LASTLY, if we ſhould ſuppoſe the ligatures 
to have been made even about the end of ex- 
piration, yet the air remaining in the lungs, 

being 
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being rarified by their heat, would ſoon in- 
creaſe their bulk to ſuch a degree, as that, 
when the thorax was greatly conſtricted, part 
of them muſt neceſſarily be puſhed out at the 
wound. Perhaps alſo, during the enlarge- 
ment of the thorax, a ſmall quantity of air 
might, notwithſtanding the ligatures, be re- 
ceived by the 7rachea into the lung of the ſound 
ſide, which, upon expiration, would be 
chiefly puſhed into the lung of the wounded 
ſide, ſince its egreſs by the glottis would be 
very difficult, on account of the conſtriction 
of the trachea. | 

THAT the apparent motions of the lungs 
in the above experiments of Bremond, were 
in fact chiefly owing to the motions of the 
thirax, particularly to the alternate depreſſion 
and aſcent of the diaphragm, an experiment 
related by this writer himſelf muſt convince 
us; for we are informed by him, that the 46 
damen of a living dog being laid open, and 
a hole made in the fleſhy part of the dia- 
phragm on the left ſide, the lung of this ſide 
inſtantly collapſed, and remained without a- 
ny motion, although the thorax continued to 


be alternately dilated and contracted for a con- 
ſiderable 
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ſiderable time . Now, if the lungs were 
endued with a power of expanding and con- 
tracting themſelves, why did the lung of that 
ſide, where the diaphragm was perforated, 
immediately collapſe and ceaſe to move? Be- 
ſides, does not this experiment ſhew, that 
the apparent motions of the lungs, and their 
egreſs by the wounds, were chiefly owing to 
their being alternately puſhed up into the ca- 
vity of the thorax, when the diaphragm was 
relaxed ? 'That the aſcent of this muſcle into 
the cheſt, by the convulſive contraction of the 
abdominal muſcles, eſpecially when the dogs 
attempt to howl, contributes much more to 
the apparent ſwelling of the lungs and their 
iſſuing out of the horas during expiration, 
than the falling of the ribs, is evident from 
another experiment of Bremond, who obſer- 
ved theſe motions of the lungs to continue, 
although, with his hands, he forcibly hinder- 
ed the ribs of the wounded fide from moving, 
and conſequently from e the lungs al- 


ternately +. 


Bremond 


* Memoires acad. des ſciences 1739, edit. 8vo. p. 471: 
+ Ibid. p. 482. 
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Bremond always obſerved, that when the 
ribs were elevated, the lungs appeared red, 
but became paler when the cavityof the breaſt 
was diminiſhed *. The lungs being no long- 
er preſſed while the thorax was enlarged, ad- 
mitted the blood from the right ventricle of 
the heart more readily into all their veſſels; 
but being ſtrongly compreſſed by the aſcent 
of the diaphragm, and depreſſion of the ribs, 
this blood muſt in part be expelled ; when 
of courſe they become paler. 

WHAT has been ſaid above, may ſerve alſo 
to ſhew how far Mr. Heriſſant is miſtaken, 
when, from ſome experiments of a like na- 
ture with thoſe of Bremond, he concludes, 
that the apparent alternate dilatation and con- 
traction of the lungs in animals whoſe thorax 
is laid open, is owing ſolely to the blood 
puſhed into the pulmonary artery by the 
right ventricle of the heart, which, by dila- 
ting and unfolding all its branches and ra- 
mifications, muſt make the whole ſubſtance 
of the lungs ſwell, and cauſe the air to 
ruſh into their veſicles by the glottis +. — 


If 
* Memoires acad. ſciences 17 39, edit, 8vo. p. 483. 


_ + Hiftoire acad, des ſciences 1 743, edit, 8vo. p. 103, 
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If this account of the matter was juſt, the 
alternate ſwelling and falling of the lungy 
would be very inconſiderable, and ought to 
correſpond with the contraction and dilatation 
of the heart; which however is not the caſe, 
Beſides, it ought not to be obſerved at all, 
when the paſſage of the air into the veſicle; MW * 
of the lungs is obſtructed by ligatures made on { 
the trachea, contrary to what happened in 
Bremond's experiments. 

Trvs much being premiſed, to ſhew that 
the lungs have not properly any inherent 
power by which they can alternately contrad 
and dilate themſelves, but that, in ordinary 
and healthful reſpiration, they always follow 
the motions of the Thorax, we proceed next 
to inquire, by what power or mechaniſm in- 
ſpiration and expiration alternately ſucceed 
each other, or why the intercoſtal muſcles 
and diaphragm are contracted and relaxed by 
turns, ſo long as life remains. 

THe learned Boerhaave, in order to account 
for the alternate motions of the thorax in re- 

ſpiration, ſuppoſes, that, at the end of inſpi- 
ration, the blood is tranſmitted in ſmaller 


quantity to the left ventricle of the heart, 
| ſince 
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th. face the pulmonary veſſels muſt be conſider- 
a zbly compreſſed by the lungs, which at that 


by time are diſtended greatly with air : hence 
tion he conceives, that not only leſs blood will be 
aſs I} diſtributed to the intercoſtal muſcles and dia- 
all, phragm, but alſo that the influence of their 
cles WM nerves muſt be weakened ; as the ſecretion of 


the ſpirits in the cerebellum muſt be diminiſh- 
ed, when a ſmaller quantity of blood is puſh- 
ed into its veſſels by the heart: the cauſes, 
therefore, which are ſuppoſed to contract the 
inſpiratory muſcles being weakened at the 
end of inſpiration, theſe muſcles will be o- 
yercome by the natural reſilition of the elaſtic 
cartilages of the ribs, together with the re- 
action of the abdominal muſcles, Sc. i. e. 
expiration muſt neceſſarily follow; but no 
ſooner does the blood, by the motion of the 
lungs in expiration, flow in a more plentiful 
ſtream to the left ventricle of the heart, than 
the cauſes actuating the inſpiratory muſcles 
begin to be increaſed ; whence theſe muſcles 
are contracted anew, i. e. inſpiration is pro- 
duced, to which, for the reaſons above men- 
tioned, expiration muſt neceſſarily ſucceed ; 
and in this way the alternate motions of the 


cheſt 
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cheſt in reſpiration are carried on through 


the whole of life . This theory it muſt be - 
owned is very ingenious, and has an air of ve 
fimplicity which cannot fail to recommend it; ha 
but if ſtrictly inquired into, it will be found he 
altogether inſufficient to account for the alter- u 
nate motions of the 7horax, or to anſwer the _ 
phenomena of reſpiration. For, * 
1. Ir at the end of inſpiration the interco- WM 4, 
ſtal muſcles and diaphragm were relaxed, on 
account of the ſmaller quantity of blood and for 
ſpirits then diſtributed to them, why ſhould an 
not the heart, which alſo receives its nerves are 
from the cerebellum, be affected in the fame 8 
way ? If the ſecretion of vital ſpirits were di- rat 
miniſhed, on account of leſs blood's flowing ha 
from the lungs to the left ventricle of the in 
heart at the end of inſpiration, how could the tha 
pulſe be then equally ſtrong as at the end of ane 
expiration ? which however is the caſe, ſo far ſpi 
as our ſenſe of feeling can determine. But, 
2. ALTHOUGH we ſhould grant, that at the 

end of inſpiration the blood flows in a ſmaller 0 
ſtream to the left ventricle of the heart, yet 25 
it will by no means follow, that the cerelellum * 
will paſl 


® Brerhaave inſtitut. med. § 619. & 620, 
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will ceaſe to ſupply the vital organs with ſpirits 
ſufficient for their alternate motions ; fince 
we know, that after both the carotid arteries 
have been tied in a dog, the motions of the 
heart and reſpiration went on in the ordinary 
way, while in the mean time the cerebrum 
and cerebellum were deprived of more than 
one half of the blood 2 beſtowed upon 
them“. 

3. AFTER the lungs have been kept for 
ſome conſiderable time in a collapſed ſtate by 
an effort of the will, the inſpiratory muſcles 
are no ſooner left to themſelves, than imme- 
diately they contract, and cauſe a new inſpi- 
tation; which however could not poſſibly 
happen if Boerhaave's theory was true, ſince 
in this caſe the blood muſt flow with more 
than ordinary difficulty through their veſſels, 
and conſequently the cauſes actuating the in- 
ſpiratory muſcles mult be greatly weakened f. 

Y Bor, 


ng vol. T. 
p. 2 


+ This argument muſt conclude with the greater 
force, ſince even Boerbaaus himſelf allows, that the blood 
palles leſs freely through the lungs when they are * 
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Bur, 4. The inſufficiency of this account 
of reſpiration, is demonſtrated beyond doubt, 
by the experiments of Highmore and Bremond, 
who tell us, that, after both ſides of the thorax 
were laid open, the diaphragm and interco- 
ſtal muſcles continued their alternate contra- 
ions for a long time, although the lungs 
were collapſed and without motion *. Here 
we find the motions of inſpiration and expi- 
ration continued in the thorax, while the 
lungs remained always in the ſame ſtate, and 
when there was no cauſe which could make the 
blood flow alternately through the pulmonary 
veſſels with greater or leſs eaſe, nor conſe- 
quently render the inſpiratory muſcles alter- 
nately paralytic, through a defe& of blood 

5. LasTLY, 


than when they are inflated. * Pulmone per aerem di- 
<< tento, ſanguini pulſo ex cordis dextyp thalamo, lation 
C yaſa arterioſa, & venoſa, minus reſiſtunt; tranſitum ex- 
c pediunt; faciunt ut omnis ille rapiatur eo quam celer- 
<« rime ventriculum ſiniſtrum verſus : collapſus idem vx 
<< per arteriam pulmonalem impleri poteſt liquore impul- 
« ſo; inflatus per vaſa aerifera, facile ſanguiferorum im- 
„ pletionem patitur.” Boerh. inſtitut. med. & 200. N* 2. 


* Highmore diſquiſit. anat. p. 185. & Memoires acad. 
des ſciences 1739, edit. 8yo, p. 464. 467. 468. 
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5. LasTLY, The different phenomena of 
reſpiration, in the air- pump, diſeaſes of the 
head, a/thma, and in melancholy people, are 
not to be accounted for from Boerhaave's theo- 
ry, and are alone ſufficient to overturn it: but 
of this more afterwards. 

Tur late ingenious Dr. Martine, aware of 
the difficulties attending Boerhaave's account 
of reſpiration, has propoſed the alternate 
compreſſion of the phrenic nerves at the end 
of inſpiration, as the cauſe which, at that 
time, renders the diaphragm paralytic, and 
conſequently produces expiration : he ſeems 
indeed to doubt, whether the alternate preſ- 
ſure of the inflated lungs on the poſterior 


part of the pleura, can, at the end of inſpira- 


tion, intercept the influence of the nerves be- 
longing to the intercoſtal muſcles which ly 
behind it: but as the phrenic nerves run be- 
tween the lungs and pericardium, and are only 
covered by the thin mediaſtinum, he thinks, 
that, at the end of inſpiration, when the 
lungs are much diſtended with rarified air, 
theſe nerves muſt undoubtedly ſuffer ſuch a 
remarkable compreſſion, as to render the 
muſcle to which they are diſtributed paraly- 

tic. 
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tic *, But this account of the motions of 
reſpiration, however ingenious, will be found 
{till more defective and leſs ſatisfactory than 
Beerhaave's, which we have already rejected. 
1. TH1s account of reſpiration muſt at beſt 
be allowed to be defective, as it does not in- 
form us how the intercoſtal muſcles come to 
be alternately contracted, as well as the dia- 
phragm.—— lt is by no means probable, that 
the nerves of the intercoſtal muſcles can ſuffer 
any more compreſſion than uſual at the end 
of inſpiration; nor would it ſerve the Doctor's 
purpoſe to ſuppoſe they do, ſince he ſeems to 
agree with thoſe who are of opinion, that the 
two orders of intercoſtal muſcles are antago- 
niſts to one another, and conſequently are 
contracted at different times. 
2. SINCE the Doctor allows, that during 
inſpiration the nerves become rather freer 
from compreſſion, why ſhould not the dis- 
phragm remain contracted, and conſequently 
the lungs continue in their moſt expanded 
ſtate ? He fays indeed, that the inſpired air, 
rarified by the heat of the breaſt, and not 
finding an exit free or wide enough by the 
| glettts, 


Medical Eſſays, vol. 1. art. 12. 
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glttis, will at this time preſs more upon the 


veſicles and membranes of the lungs ; which 
preſſure muſt be communicated to the phre- 
nic nerves running along the pericardium, and 
which are covered only by the mediaſtinum. 


Bur ſurely the rarefaction of the inſpired. 


air at the end of inſpiration, is not ſo re mark- 
able or ſudden, but that it can iſſue faſt e- 
nough out by the aperture of the glottis, to 
preſerve it in æquilibrio with the external air: 
beſides, as inſpiration does not immediately 
follow expiration, but after a ſhort pauſe, 
ought not the air contained in the lungs at 
the end of expiration to be rarified, and ſo 
produce the ſame effect, by its preſſure upon 
the veſicles of the lungs and phrenic nerves, 
as at the end of inſpiration ? The Doctor, it 
is true, ſeems to have been aware of this; and 
therefore ſuppoſes, that, at the end of expi- 
ration, the contractile fibres and membranes 
of the lungs, will, by their reaction, prevent 
in ſome meaſure the inflating air from preſ- 
ling with its whole force on the phrenic 
nerves. But will not this hold equally true 
at the end of inſpiration ? and will not the 


elaſtic fibres and membranes of the lungs re- 
| act 
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at with much greater force when they are 
remarkably diſtracted by inſpiration, than 
when they are conſiderably relaxed at the 
end of expiration ? As the lungs, therefore, 
both in expiration and inſpiration, equally fill 
the cavity of the thorax, the compreſſion 
which the phrenic nerves ſuffer from them, 
will be pretty much the ſame at the end of 
expiration, as in a ſtate of full inſpiration; 
and conſequently the difference of this preſ- 
ſure cannot account for the alternate motions 
of the muſcle to which they belong. 

3. Ir, at the end of inſpiration, the phre- 
nic nerves ſuffered ſuch compreſſion from 
the inflated lungs, as to render the diaphragm 
paralytic, how comes it to paſs, that, after a 
full inſpiration, we can, by an effort of the 
will, keep this muſcle for a conſiderable time 
in a ſtrong ſtate of contraction, and thus 
hinder expiration from following inſpiration? 

4. FURTHER, in one of Mr. Bremond's ex- 
periments, where the lungs remained colla- 
pled and without motion, and conſequently 
where the phrenic nerves muſt have been 
expoſed to an equable compreſſion, the inter- 
coſtal muſcles and diaphragm continued in al- 


ternate 
Ys | 
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ternate contraction and relaxation for above 
a quarter of an hour “. 
5. THAT the motions of reſpiration vary 


according to the quantity or quality of the 


blood thrown into the pulmonary artery, to 
the free or difficult paſſage it meets with in 


the veſſels of the lungs, and to the heat or 


coldneſs, rarity or denſity of the air, are cir- 
cumſtances of great truth and importance, 
but utterly inexplicable upon this theory. 

6. LasTLY, Noe 2.3.4. and 5. of the ar- 
guments adduced in Se. 2. to ſhew that the 
alternate motions of the heart cannot be ow- 
ing to the compreſſion of the nerves, are here 
of equal, yea of greater force ; for the ſoft 
and ſpungy lungs are much leſs capable, even 
when inflated, of compreſſing the nerves, 
than the firmer arteries and auricles of the 
heart, 


Tux various opinions of other writers, I. 


ſhall not ſtay to enumerate, much leſs under- 
take to refute ; but proceed to give an account 
of the motions of the thorax, which we hope 
will tend equally to explain the appearances 
obſerved in reſpiration, whether the lungs 


| and 
* Memoires acad. des ſciences 17 39, p. 468. 
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and other inſtruments concerned in it, be in 
a natural or diſeaſed ſtate. 


1. Dux ix inſpiration and expiration, the 
blood finds an eaſy paſſage through the veſ- 
ſels of the lungs, as by their alternate infla. 
tion and contraction, it is preſſed forward to 
the left ventricle of the heart. After inſpi- 
ration is completed, it begins to flow with 
more difficulty; and at the end of expiration 
(if inſpiration does not ſoon ſucceed) its mo- 
tion is ſtill leſs free. After expiration, there- 
fore, the blood, on account of its difficult 
paſſage through the pulmonary veſſels, is part- 
ly accumulated in them, and, by diſtracting 
their ſenſible fibres and membranes, acts as 
a ſiimulus upon the pulmonic nerves, occa- 
ſioning an uneaſy ſenſe of fulneſs, ſtoppage, 
or ſuffocation in the breaſt, which is more or 
leſs remarkable, according to the time during 
which reſpiration is ſtopt, the capacity of the 
pulmonary veſſels, and the quantity of blood 
thrown into them by the rightventricle of the 
heart. 

THrar a ſtimulus affecting the heart and ali- 
mentary tube, ſhould be the cauſe of their al- 
ternate 
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ternate contractions, as we have ſhewn above, 
is no way improbable, the irritating cauſe be- 
ing applied immediately to the organ to be 
moved; but that the diaphragm and interco- 
ſtal muſcles ſhould be brought into contracti- 
on, by a ſtimulus acting upon the lungs, may 
at firſt appear ſomewhat extraordinary, ' tho”, 
upon further conſideration, we may affure 
ourſelves of the certainty of the fact, from 
the ſtrongeſt and juſteſt analogy.— Thus, for 
example; if a few drops of water, or any o- 
ther liquor, by an accident in ſwallowing, 


fall into the trachea the diaphragm and in- 


tercoſtal muſcles are inſtantly called into acti- 
on, and continue to be agitated with alter- 
nate contractions and relaxations, till the ſti- 
mulating cauſe is removed —Again, if a thin 
pituit ſecerned in too great quantity, by the 
veſſels and glands of the bronchia, diſtills up- 
on the veſicles of the lungs, alternate con- 
vulſions of the diaphragm, intercoſtal and 
abdominal muſcles, enſue; which are repeat- 
ed over and over again, till the irritating cauſe 


is leſſened or expelled, —In a true peripneu- 


mony alſo, when, by reaſon of an obſtructi- 


on in the ee arteries, the blood paſſes 


Z through 


w 


—— — _—_ — — —— 4 —— — 2 — — 3 
— — - © þ pa -— . — 2. w ” _- 


— — — —— wö[— — — ͥ 2 — V 
3 . 


Dr 


— — — — 


178 Of the ViTAL and 


through the lungs with great difficulty, 3 
ſhort cough is almoſt 4 conſtant ſymptom, 
Is it not therefore reaſonable to infer, that 4 
leſs remarkable /timnlus of uneaſy ſenſation 
in the veſſels of the lungs, will be followed 
by gentler contractions of the inſpiratory 

muſcles ? | 
ArTER expiration is finiſhed, the blood 
beginning to be accumulated in the lungs, 
will, not only by its quantity diſtracting theit 
veſſels, but alſo by its heat, occaſion an un- 
eaſy ſenſation, that is, act upon theſe parts 
as a ſtimulus *; in conſequence of which the 
diaphragm and intercoſtal muſcles are con- 
tracted, and inſpiration is performed; by which 
the blood being not only cooled by the exter- 
nal air, but its paſſage alſo promoted towards 
$45 the 


* The uneaſy ſenſation which ariſes when breathing 
is interrupted, may perhaps be partly owing to the want 
of ſomething neceſſary to the continuance of life, which 
the air communicates to the blood in the lungs, When 
therefore in other places of this Eſſay, I ſpeak of the /{i- 
mulus of the blood in the lungs as the cauſe of reſpiration, 
I defire/it may be underſtood, that I not only include the 
diſagreeable ſenſation occaſioned by the accumulation of 
the Llood in the pulmonary veſſels, but alſo the uneafineſs 
which may ariſe from its being deprived of air to refrige· 
rate, and perhaps otherwiſe fit it for the purpoſes of lite. 


fe 
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the left ventricle of the heart, the ſtimulus 
or uneaſy ſenſation ceaſes : hence theſe mu- 
{cles are relaxed; and conſequently, by the 
reaction of the cartilages of the ribs, and the 
ſtretched abdominal muſcles, &c. the cavity 
of the thorax is leſſened, i. e. expiration is per- 
formed; which, on account of the diſagree- 
able ſenſation which begins to be felt in the 
lungs, is ſoon ſucceeded by a new inſpiration. 
Although, in ordinary breathing, we are but 
little ſenſible of this uneaſineſs, ariſing from 
the difficult paſſage of the blood through the 
lungs after expiration is finiſhed; yet if one 
attends to it, and reſtrains inſpiration for ſome 
time, it becomes very perceptible : and as in 
aſthmatic patients, the laborious contractions 
of the inſpiratory muſcles are beyond all que- 
tion owing to an anxiety and ſenſe of ſuffo- 
cation in the breaſt ; ſo it is highly reaſonable 
to think, that in healthful people, the gentler 
flimulus of the warm blood accumulated in the 
pulmonary veſſels, is the ordinary cauſe of in- 
ſpiration. 

FURTHER, a er of pbænomena concur 
to perſuade us, that the blood acting as a fi- 
mulus on the veſſels of the lungs, after expi- 

ration, 
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ration, is the cauſe of the ſucceeding contra. 
ction of the inſpiratory muſcles. Thus we 
obſerve, that as the blood flows in greater ot 
leſs quantity through the lungs, inſpiration 
and expiration more quickly or ſlowly ſucceed 
each other: hence the quick breathing ob- 
ſerved in a ſmart fever, or upon violent ex- 
erciſe Though the quantity of blood flow. 
ing through the lungs remains the ſame, yet 
if its heat and bulk be increaſed, reſpiration 
becomes more frequent: hence in bagnios, 
and in the warm ſummer's air, we breathe 
oftener, than in our common rooms, and in 
more temperate ſeaſons. —Again, when any 
obſtruction happens in the pulmonary veſſels, 
which renders the paſſage of the blood 
through them more difficult than in health, 
reſpiration is more laborious and more fre- 
quently repeated: hence the quick breathing 
in peripneumonies, and other diſorders con- 
{ſequent upon the lungs being obſtructed. — 
If a portion of the lungs be rendered uſeleſs, 
or be wholly conſumed by an ulcer, the pa- 
tient is ſhort-breath'd and ſubject to aſthmatic 
fits, upon the leaſt fatigue, or upon any in- 
creaſe of motion or rarefaction in the blood. 

SINCE 


ſ 
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SINCE therefore it appears, that the mo- 
tions of reſpiration are always proportional to 
the quantity of blood thrown into the pulmo- 
nary veſſels, and its eaſy tranſit through them, 
this fluid ought undoubtedly to be eſteemed 
the cauſe which excites, regulates and conti- 
nues theſe motions; and ſince reſpiration is 
more frequent and laborious, when a leſs 
quantity of blood paſſes with greater difficulty 
through the lungs, than when a larger ſtream 
flows through their veſſels with more eaſe ; 
theſe increaſed motions of the thorax cannot 
be owing to the inſpiratory muſcles being 
more plentifully ſupplied with blood and ſpi- 
rits, but muſt proceed from the /fimulus or 
uneaſy ſenſation accompanying the difficult 
paſſage of the blood through the pulmonary 
veſſels, or its ſtagnation in them. And does 
not this plainly ſhew, why blood-letting gives 
more ſpeedy relief in fits of difficult breath- 
ing, than any other remedy ? 


2. Ir it be aſked, how a ſimulus or uneaſy 
ſenſation in the lungs can affect the inſpira- 
tory muſcles, with which they ſeem to have 


no immediate connexion ; I anſwer, It were 
caly 
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eaſy to aſcribe this effect to the ſympathy of 
| nerves, a phraſe indeed oftener uſed than well 
underſtood ! but as the pulmonic plexus has 
no greater connexion or communication with 
the phrenic nerves, and thoſe which ſupply 
the intercoſtal muſcles, than with the nerves 
of the ſtomach, guts, and other abdominal 
viſcera, which are no way affected by the 
gentle //imulus of the blood as it paſſes through 
the pulmonary veſſels; I think we cannct 
fairly aſcribe the motions of the inſpiratory 
muſcles to any ſympathy or connexion their 
nerves have with thoſe of the lungs. Fur- 
ther, as the nerves of the inſpiratory muſcle 
and lungs, moſt certainly do not terminate 
preciſely in the ſame part of the brain, but 
probably in places ſomewhat diſtant from each 
other, any ſympathy that obtains between 
them, as proceeding from one common ori- 
gin, muſt be owing to 80METHING equally 
preſent in theſe ſeveral places, i. e. to the mind 
or ſentient principle : for without ſuppoſing 
ſome percipient BEING in the brain, how can 
an irritation of the extremities of the nerves, 
taking their riſe from one part of the brain, 
occaſion a more than ordinary derivation of 

{ pirits 
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ſpirits into ſuch nerves as have their origin 
from a different part? If external objects act 
on the nerves only, by putting a ſtop to-the 
equable progreſſion of their fluid, or by exci- 
ting ſome vibratory motions in them, how 
can any of theſe occaſion, not only a more co- 
pious derivation of ſpirits through the nerves 
thus affected, but alſo through a variety of 
other nerves with which they have no con- 
nexion, and whoſe riſe is from a different 
part of the brain ? The ſympathy, therefore, 
or conſent obſerved between the nerves of va- 
rious parts of the body, is not to be explained 
mechanically, but ought to be aſcribed to the 
energy of that ſentient BEING, which ſeems 
in a peculiar manner to reſide in the brain, 
and, by means of the nerves, moves, actuates, 
and enlivens the whole machine. 

Bur further, if the ſympathy obſervable 
between different parts of the body, be wholly 
owing to the connexion or communication of 
their nerves, how comes the pupil to be con- 
tracted by the action of light on the rerrna, 
when the nerves of the uvea have not only no 
communication with the optic nerve, but a- 
tiſe from a pretty diſtant part of the brain? 

or, 


its 
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or, if there were ſome general ſympathy be. 
tween the nerves, why ſhould not the longi. 
tudinal fibres of the #wvea be contracted, a 
well as the orbicular ones, and fo the con- 
ſtriction of the pupil be prevented? If the 
alternate contractions of the inſpiratory mu- 
{cles were owing merely to their receiving a 
few nervous twigs from the intercoſtals, 
which furniſh the plexus pulmonicus, why i; 
not the heart and alimentary tube equally af. 


fected with them, by a ſtimulus or uneaſy ſen- 


fation in the lungs? why are not the inter- 
coſtal muſcles as much convulſed in vomiting 
as the diaphragm and abdominal muſcles? 
and why, upon an irritation of the membrane 


of the noſe and zrachea, are not the abdo- 


minal muſcles contracted, till the inſpiratory 
muſcles begin to be relaxed? Theſe queſti- 
ons will ſcarce be anſwered ſatisfactorily, up- 
on any ſcheme of ſympathy depending whol- 


ly on the communication or connexion of 


nerves ; but have no difficulty in them, if the 
motions now mentioned be referred to the 
mind or ſentient principle. 

Wurx, therefore, in conſequence of a di- 


agreeable ſenſation in the lungs, ariſing from 
the 
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the difficult paſſage of the blood through their 
veſſels ſoon after expiration is finiſhed, the 
inſpiratory muſcles are contracted; we are 
not to aſcribe this to any unknown ſympathy 
ating mechanically upon theſe muſcles or 
their nerves; but to the MinD or fentient 
principle, which being affected by the un- 
eaſy perception in the lungs, is thereby ex- 
cited to determine the influence of the nerves 
more copiouſly into the intercoſtal muſcles 
and diaphragm ; by which the cavity of the 
thorax being enlarged, and the lungs inflated 
with freſh air, the diſagreeable ſenſation in 
them is removed ; and conſequently the ex- 
traordinary derivation of the nervous influence 
into the inſpiratory muſcles ceaſes : hence, 
by the renitency of the elaſtic cartilages of the 
ribs, abdominal muſcles, &c. the cavity of the 
thorax is leſſened ; 7. e. inſpiration is naturally 
followed by expiration ; which again muſt 
ſoon be ſucceeded by a new inſpiration, on 
account of the particular ſenſation which be- 
zins to ariſe in the lungs. 


3. Ir does not appear, that any effort of 
the mind or ſentient principle is neceſſary to 
A a expira- 
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expiration ; for this naturally takes place az 
ſoon as the muſcles of inſpiration ceaſe to act. 
The renitency of the cartilages of the ribs 
and ſtretched pericardium and peritonæum, are 
wholly owing to the elaſticity of the parts, 


and not to any muſcular contraction or addi- 


tional force communicated to them at this 
time; nay, the reaction of the abdominal 
muſcles in expiration, ſeems to be pr 

much of the ſame kind ; although it is not 
improbable, that the extenfion of their 
fibres, by the depreſſion of the diaphragm in 
inſpiration, may, as a very gentle /{zmulus, ex- 


cite in them a true muſcular contraction“. 


However, this irritation prompting the abdo- 
minal muſcles to contract at the end of inſpi- 
ration, muſt be very inconfiderable, and in no 
way like the convulſive motions induced on 
other muſcles by a /#7mulus ; ſince, when they 


are greatly ſtretched by a very full inſpiration, 


we don't find any difficulty in preventing their 
contraction, or in moderatin 8 it as we pleaſe; 
| while, 


The ſame — may be ſaid of the ſternocoſtal muſcles, 
which are generally thought to pull the fernum and cart 
lages of the ribs downwards and backwards in expiration, 
but which ſeem ſcarcely, if at all, to act in ordinary and 
gentle erpin don. 


bs 


ot ber INvoLUNTARY MoT1oNs. 187 


while, on the contrary, in vomiting their mo- 
tions are altogether convulſive and involunta- 
ry. Further, the thorax of dead animals be- 
ing in a full ſtate of expiration, ſhews that 
this is brought about, after all muſcular action 
ceaſes, by the mere elaſtic force of the parts. 
Nor is it any objection here, that when air is 
blown into the 7horax of a dead body, expi- 
ration is performed more ſlowly than in a li- 
ving one; becauſe, by the cold and total 
ſtagnation of the fluids, the parts not only 
become more rigid, and the articulations of 
the ribs leſs moveable, but the inſtruments of 
expiration loſe, in a good meaſure, their ela- 
ſtic power, 

LASTLY, the phenomena Ae in co- 
matous patients, and which we ſhall hereafter 
take notice of, ſhew, that whereas inſpiration 
is owing to the energy of the ſentient prin- 
ciple, and 1s here, therefore, in a manner in- 
terrupted, expiration is performed as uſual ; 
which could not happen, if, like inſpiration, 
it proceeded from the mind, or from any 


particular ſenſation directing it to put certain 


muſcles in action; for in that caſe there ought 
to be a pauſe at the end of inſpiration, as well 
| as 
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as at the end of expiration. Upon the whole 
then, we may conclude, that expiration natu- 
rally enſues as ſoon as ever the inſpiratory mu- 
ſcles ceaſe to act, chiefly by virtue of the ela- 
ſticity of the diſtracted parts, and ſcarcely at 
all by the power of any muſcular contra. 
on . | 

HERE we may obſerve a remarkable ana. 
logy betwixt the motions of the pupil, and 
of the thorax in reſpiration. The coarctation 
of the pupil, when light is admitted into the 
eye, is owing to the muſcular contraction of 
the circular fibres of the avea, in which, 
therefore, it ſeems to correſpond with inſpi- 
ration; but its relaxation when the fiimulu 
of light ceaſes, 1s produced merely by the 
natural contraction of the longitudinal fibres 
of this membrane, and conſequently in thi 
it reſembles expiration. 


4. Ir it be demanded, why, after the lungs, 
by an effort of the will, have been kept for 
ſome 


* What is faid here, is only meant of ordinary and 
gentle expiration, which is performed without conſciouſ- 


neſs, or the aſſiſtance of any of thoſe muſcles which a in 


Violent expiration, 
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ſome time in a ſtate, of full inſpiration, the 
inſpiratory muſcles are immediately relaxed, 
when this effort ceaſes, and not rather conti- 
nued in a ſtate of contraction, ſeeing there 
is an uneaſy ſenſation in the lungs, equal to 
what happens after expiration ; the anſwer is, 
that the diſagreeable ſenſation is of a different 
kind, and which, the keeping the lungs in 
a ſtate of inſpiration, would tend rather to in- 
creaſe than remove: for ſuch is the conſtitu- 
tion of our frame, and the law of that won- 
derful union connecting the ſoul and body, 
that the former, upon any uneaſy percepti- 
on, produces ſuch motions and changes in the 
latter, as naturally and moſt effectualy tend 
to leſſen it, or expel the irritating cauſe. — 
Thus the uneaſy ſenſation ariſing from the 
action of light upon the tender retina, is not 
followed by a contraction of the longitudinal 
fibres of the ve, becauſe this would not 
have the effect of diminiſhing, but of adding 
to the diſagreeable perception. For the ſame 
reaſon, the mind, in conſequence of a flimu- 
lus or uneaſy feeling in the lungs, determines 
the influence of the nerves into the interco- 
ſtal muſcles and diaphragm, and not into the 

muſcles 
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muſcles of the abdomen, back, or loins. But 
further, the continuing the inſpiratory mu- 
{cles for any time in a ſtate of full contraction, 
never fails to give ſome degree of uneaſineſs; 
ſo that it is no wonder, if they be relaxed as 
ſoon as the effort of the will ceaſes. 


5. SUDDEN ſurprize, or any thing that wil 
but for a few moments ſtrongly fix the atten- 
tion of the mind, prevents the hiccup, if it 
be from a weaker cauſe.—Sneezing is ſtifled 
in the beginning, whenever an attempt to 
perform it raiſes an acute pain in any part of 
the body ; as frequently happens in rheuma- 
tiſms affecting the muſcles of the back or 
thorax. In theſe caſes, the mind, being more 
ſtrongly affected by ſomething elſe, becomes 
in a great meaſure inſenſible of the irritation 5; 
wherefore no violent or convulſive motion en- 
ſues.—In the ſame manner, if there be only 
a gentle irritation in the trachea, any thing 
that renders the mind leſs ſenſible of this, will 


prevent coughing. Hence in time of eating 
| a 
* How a ſtronger ſenſation ſhould deſtroy, or render the 


mind inſenſible of a weaker one, is a queſtion attended 
with ſome difficulty; concerning which ſee below Sect. xi 
anſwer to objection 2. | 


fr 
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a tickling cough generally ceaſes, or is leſs 
frequent; for not only the chewing and ſwal- 
lowing of the food engage the attention of 
the mind at that time, but the motions of the 
larynx in deglutition have almoſt the ſame 
effect in leſſening the ſenſe of irritation in the 
trachea, as friction has in diminiſhing a ſmall 
degree of pain, or itching, in any part of the 
body. As therefore the convulſive motions 
of coughing, ſneezing and the hiccup, are un- 
doubtedly owing to an uneaſy ſenſation affect- 
ing the mind, may we not juſtly conclude, 
that the gentler ſtimulus of the blood, in the 
veſſels of the lungs, becomes, through the 
intervention of the mind or ſentient principle, 
the cauſe of the leſs violent motions of the 


inſpiratory muſcles ? 


6. Tuts however will ſtill further appear, 
from conſidering the phenomena of reſpirati- 
on in ſome morbid caſes, and in animals pla- 
ced in a receiver partly exhauſted of air. 

« IN acute diſeaſes, where the head is much 
affected, a remarkable alteration often hap- 
pens in the breathing: expiration indeed ſuc- 
ceeds inſpiration in the uſual way; but ſome- 

times, 


vo we 
. 
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times, after expiration is finiſhed, there is 4 
long pauſe before a new inſpiration is begun, 
In a patient, whoſe brain was affected from 
an z/churia, J obſerved this interval between 
the end of one expiration, and the beginning 
of a ſubſequent inſpiration; to be many times 
from ſeven to ten ſeconds: but in a young 
Lady, who died apoplectic, inſpiration ſome- 
times did not ſucceed the expiration, till after 
I had counted 20, 30, 40, or even more beats 
of my pulſe, which did not vibrate above 7; 
times in a minute. This phenomenon, which 
is eaſily explained, upon the principles we 
have laid down, is altogether inconſiſtent 
with every mechanical account of reſpiration 
that has hitherto appeared, or indeed with 
any, we preſume, which may P_ be de- 
viſed hereafter. 

IN theſe caſes, the brain, and common ſen- 
ſory, being greatly affected, the mind or ſen- 
tient principle muſt have been much lefs 
ſenſible than it uſually is of any impreſſion, 
irritation or ffimulus affecting the nerves. 
Hence after expiration which, from the reſi- 
lition of the cartilages of the ribs, Cc. natu- 


rally, and without the intervention of the 
mind 
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mind ſucceeds inſpiration, a long pauſe inter- 
venes before a new inſpiration comes on; be- 
cauſe the mind is not rouſed up to exert her 
influence, till the uneaſineſs and ſenſe of ſuf- 
focation in the breaſt becomes ſo conſiderable, 
as to awake her, as it were, out of a profound 
fleep. Let any one, after expiration is finiſh- 
ed, keep his thorax in that ſtate for half a mi- 
nute or more, and he'll feel, before that time 
is elapſed; ſuch an uneaſineſs in his breaſt, as 
will beget in him the ſtrongeſt deſire of dila- 
ting the lungs, and taking in freſh air. 

Ir is plain, that, after ſuch a ſtop, if Boer- 
laaves theory were true, inſpiration never 
could ſucceed, becauſe it muſt neceſſarily oc- 
caſion a much greater obſtruction to the mo- 
tion of the blood through the lungs, than can 
erer happen at the end of inſpiration, and 
conſequently render the inſpiratory muſcles 
altogether unable to overcome their antago- 
niſts, and dilate the horax.— If reſpiration 
were owing to the alternate compreſſion of 
the phrenic nerves, would not theſe nerves, 
on account of the blood accumulated in the 
veſſels of the lungs, be more compreſſed 20 


or 30 ſeconds after expiration, than juſt when 
B b it 
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it was finiſhed, and conſequently be rendered 
then more incapable to actuate the inſpiratory 
muſcles ? 

Þ Bur the truth of what we have been 
contending for, will ſtill further appear from 
the following hiſtory, A child of five years 
of age, having, at 7 o'clock in the evening, 
ſwallowed, by miſtake, about a dram- and a 
half of liquid /audanum, ſoon became merry, 
and laughed, then delirious, and in half an 
hour was ſeized with a ſleepineſs and ftuprr; 
at 10 her breathing was high, with a ſnoring 
noiſe, her pulſe full and equal, though ſlow; 
ſhe could not be fully awaked, but looked 
up a little, and ſeemed to be ſenſible of pain, 
when ſeverely pinched : about 1+ her face 
became pale, her eyes fixed and glazed, and 
her breathing would often gradually decreaſe, 
and at laſt ſtop, for near a minute ; then it 
began again with a very deep inſpiration and 
ſighing. At firſt when the breathing began 
to be thus interrupted, the intervals were 
ſhorter, but became gradually longer till the 
patient died. While the motions of reſpira- 
tion were decreaſing, the pulſe was ſmaller; 


and when they were altogether ſtopt, it was 
very 
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very weak and ſlow, but equable and without 
intermiſſions: when reſpiration began to be 
renewed, the pulſe recovered its ſtrength, and 
became leſs ſlow. 

Tux interrupted breathing is eafily ac- 
counted for, from the /fupor and inſenſibility 
which opium never fails to occaſion when ta- 
ken in too great quantity ; and the intervals 
becoming gradually longer, could be only ow- 
ing to the ſenſes being more and more lock'd 
up by the further action of the laudanum, till 
at laſt, the mind becoming altogether inſen- 


fible of the fimulus or ſuffocation in the 


lungs, a final ſtop enſued.— Further, it is e- 
vident, from the remarkable weakneſs and 
ſlowneſs of the pulſe while reſpiration was 
ſuſpended, that its recammencement could 
not be owing to any mere mechanical cauſe ; 
for the ſecretion of ſpirits, and every function 
of the body depending on the general circu- 
lation of the fluids, muſt have been more lan- 
guid immediately before the renewal of reſpi- 
ration, than when it began to ceaſe. It 
would be vain to pretend to account for the 
thanomenen now mentioned from any com- 
preſſion of nerves, or alternate oſcillations of 

a 
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a highly elaſtic fluid in the fibres of the in- 
ſpiratory muſcles; for when the heart itſelf 
was ſinking, and all motion in the body rea- 
dy to ceaſe, every mechanical power that can 
poſſibly be imagined to excite reſpiration, 
muſt have been leſs able to renew this mo- 
tion, than it was a little before to have con- 
tinued it. Laſtly, ſince the pulſe was at all 
times ſlow, and in the intervals of reſpiration, 
not only weaker than uſual, but alſo more 
remarkably flow, it appears that the heart 
was in ſome meaſure rendered leſs obedient 
to the ſimulus uſually affecting it F. Nor is 
this ſurpriſing ; fince, from live diſſections, 
we know, that a large doſe of opium almoſt 
entirely ſuſpends the periſtaltic motion of the 
ſtomach and guts +. The heart ſeems to 
be endued with a much greater degree of ſen- 
ſibility than the lungs; and this perhaps may 
be the reaſon, why its motion was leſs re- 
markably diſturbed by the fupor occaſioned 
by the /audanum, than that of reſpiration, 
which, beſides, is performed by muſcles whoſe 


fibres 
See below Sect. xiii. No 24. & 25. 


+ Kaau impet. faciens, Ne 434, & 435. 
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fibres or membranes have no /{zmulus immedi- 
ately applied to them. 

„I the Edinburgh Medical Eſſays, vol. V. 
art. 55. we are told, that, after blowing into 
the lungs of a man, who had been dead to 
all appearance for above half an hour, the 
thorax, which was by this means elevated a 
little, continued alternately to riſe and fall, 
gradually acquiring greater degrees of motion, 
till at laſt reſpiration came to be as fully per- 
formed as in healthful people. Could this be 
owing to any mere mechanical powers in the 
body? No, ſurely. A machine adjuſted ac- 
cording to the moſt exquiſite rules of art, tho 
it might for ſome time have preſerved the mo- 
tion communicated to it, could never of itſelf 
have generated a greater motion ! In order 
therefore to account for the renewal of reſpi- 
ration in this caſe, we muſt have recourſe to 
the energy of the 8ENTIENT PRINCIPLE, ex- 
erted here in conſequence of the motion im- 
parted to the fluids in the lungs, by their firſt 
inflation. 

/ THouGHTFUL melancholy people, whoſe 
minds are greatly taken up with, and ſtrong- 
ly attached to certain objects, being hence leſs 

affected 
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affected by the ſtimulus or ſlighter uneaſinef 
which begins to be felt in the lungs, after ex- 
piration is ended, uſually perform reſpirati- 
on more ſlowly, and after longer intervals, 
than thoſe who are in perfect health; by which 
means, the blood paſſing leſs freely through 
the pulmonary veſſels, and being partly accu- 
mulated in them, a ſenſe of weight and ſuf. 
focation ariſes, which more powerfully affect 
the mind, obliging them often to draw in a 
more than ordinary quantity of air, and occa- 
fioning what is uſually called a deep ſigh. 
By what mechaniſm can it be, that in 
the half-exhauſted receiver of an air-pumy, 
animals breathe quicker and higher? Certain- 
ly, upon Boerhaave's principles, the motions 
of reſpiration ought not to be redoubled in 
this caſe, fince the blood flows with greater 
difficulty through the lungs, And if, accor- 
ding to Swammerdam and Pitcairn, the alter- 
nate motions of the thorax were owing to the 
inſpiratory muſcles having no antagoniſts, how 
could this be altered by the air's being render- 
ed lighter, or in what poſſible way could this 
or the ſtagnation of the blood in the lungs, 


make theſe muſcles repeat their contractions 
more 
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more ſtrongly and frequently ? But it is evi- 
dent, that,*upon the ſcheme we have advanced, 


ati- in proportion as the air in the receiver is ex- 
als, bhauſted, and reſpiration becomes more diffi- 


cult, the mind muſt redouble its efforts, in 
order to dilate the lungs more fully, and to 
get rid, if poſſible, of that anxiety, or ſenſe 
of ſuffocation, which ever accompanies the 
ſtagnation of the blood in the pulmonary veſ- 
els, or its difficult paſſage through them. 


Avholly-in the received properties of bodies 
and the laws of motion, can it be ſhewn, that 
the frequency and fulneſs, ſlowneſs and ſmal- 
neſs of reſpiration ſhould, in healthy people, 
conſtantly be in proportion to the heat and 
cold, rarity and denſity of the air? 


7. RESPIRATION differs from moſt of the 
other ſpontaneous motions, in that the will 


ic bas an abſolute power over it: thus we can 
W at pleaſure accelerate, retard, or put an entire 
r ſtop, for a conſiderable time, to the motions 
is of the intercoſtal muſcles and diaphragm: nor 
5, is this power of the will over theſe muſcles 
1s owing (as Beerhaave thinks *) to the mind's 
0 pre- 


Inſtitut. med. No 624. 


? LASTLY, upon what hypotheſis, founded 
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preventing their alternate contraction, by 


means of the ſtronger voluntary muſcles, 
which are employed in laborious reſpiration; 
for any one, by trying the experiment, may 
quickly ſatisfy himſelf, that, without the af. 
fiſtance of any other muſcle, he can, when 
he pleaſes, contract the diaphragm with dif 
ferent degrees of force, or hinder its motion 
altogether.—But though reſpiration thus dif. 
fers from the proper involuntary motions, yet 
it does not perfectly agree with the voluntary, 
ſince it is regularly performed in time of ſleep, 

and when we are not conſcious of it. 
2 THE motions of the intercoſtal muſcles 
and diaphragm are not, like thoſe of the hear: 
and guts, independent on the will, becauſe 
the /iimulus exciting their action is applied to 
a a diſtant part, and not to the organs moved; 
and while ſuch ſimulus is gentle, and the 
part affected by it not very ſenſible, as is plain- 
ly the caſe of the lungs, the contraction of. the 
muſcles that is wont naturally to follow it, may 
be prevented by the interpoſition of the will; 
but if the ſimulus and uneaſy ſenſation be 
greatly increaſed, the uſual motions enſue, in 
ſpite of any determination of the will to the 
contrary, 
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contrary. Thus, when the membrane of the 
trachea is only lightly irritated, we can re- 
ſtrain coughing; but when it is more ſtrong- 
ly affected, all endeavours to hinder it are in 
vain, When an ordinary /fimwulus to go to 
ſtool or make urine urges, though the dia- 
phragm and abdominal muſcles be, as it were, 
ſpontaneouſly contracted, yet we can reſtrain 
their motions if we pleaſe; but in a violent 
tmeſmus or ſtrangury, they are convulſively 
contracted, notwithſtanding any effort of the 
will to the contrary.—In like manner, the 
ſtimulus exciting the ordinary motions of the 
inſpiratory muſcles is ſo gentle, that we can 
at pleaſure prevent their taking place ; but in 
ſevere aſthmatic fits, where the uneaſy ſen- 
ſation 1s vaſtly increaſed, the will begins to 
loſe its power of reſtraining them; nay, even 
ſome of the voluntary muſcles, at this time, 
are forced into action for their aſſiſtance: and 
if, in ſuch caſes, the will can at all ſtop the 
motions of the inſpiratory muſcles, it is not 
ſo much by its immediate power over them, 
as by means of the ſtronger muſcles employ- 


ed in voluntary reſpiration. 
| Cc IT 
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IT muſt indeed be acknowledged, that al. 


though the contraction of the orbicular mu- 
ſcles of the wvea be not owing to any ſimu. 
lus immediately applied to them, but to one 
acting upon a diſtant part, yet it 1s altogether 
independent on the will; and in this differs 
from reſpiration, and from the motion of the 
muſcles employed in coughing, and in void- 
ing the urine and feces. Perhaps the reaſon 
of this difference may be, that the action of 
light upon the very ſenſible retina affects the 
mind ſo ſtrongly, that we cannot, by any power 
of the will, prevent the contraction of the 
pupil: further, it is not impoſſible that the 
will, merely through diſuſe, may have loi 
its power of reſtraining the motions of the 
muſcular fibres of the zvea, even when the 
flimulus is ever ſo gentle “. 

BuT whatever may be the efficient ad 
which thus ſubjects reſpiration to the govern- 
ment of the will; the final cauſe of this dif- 
ference between it and the other vital motions 
is pretty evident: for were it not that the mo- 
tions of the muſcles employed in reſpiration 
may be varied at pleaſure, we ſhould not on- 


* ly 
* Sec above, Sect. 1. No 18. 
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y be unable to evacuate the urine and faces, 
but muſt have been deprived of the happineſs 
and advantage of communicating our thoughts 
to one another in the way of ſpeech. 

Ir it ſhall be objected againſt the mind 
or ſentient principle's being the cauſe of reſpi- 
ration, that it obtains at all.times, and is kept 


up when we are aſleep, and not conſcious of it; 
it may be a ſufficient anſwer, to obſerve, that a 


variety of actions are performed by the influ- 
ence of the mind, without our adverting to 
them in the leaſt. To give but one inſtance : 
The eye-lids never ceaſe, after ſhort intervals, 
to move, whether we be ſenſible of this or 
not, nay frequently, as when any thing threat- 
ens the eye or touches the cornea, they move 
whether we will or no; and yet theſe their 
motions are undoubtedly owing to the mind. 
Why, therefore, may not reſpiration be carried 
on much in the ſame manner, without our at- 
tending to it ; eſpecially ſince we have ſhewn 
that there is a material cauſe in the lungs, in- 
fluencing the mind to continue this action? 
Ix time of ſleep, don't we often ſwallow 
the ſpittle, talk, move our limbs, and entire- 


ly change the poſture of our bodies? Nay, 


ſome 
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ſome perſons get out of their beds, and tra. 
verſe about from one room to another. Here, 
then, are actions certainly performed in ſleep, 
which, nevertheleſs, muſt neceſſarily be aſcri- 
bed to the action of the mind. —Further, in 
caſes where breathing is difficult, when the 
patients are no way conſcious of it, nay even 
in time of ſleep, reſpiration ſeems to be per- 
formed, partly by the aſſiſtance of other mu- 
ſcles beſides the proper inſpiratory ones, 1. e. by 
muſcles which commonly are not employed 
except in voluntary motion, and whoſe action, 
therefore, in ſuch extraordinary caſes, muſt 
be attributed to the mind alone. On what 
pretence of reaſon then can it be urged, that 
the motions of the diaphragm and intercoſtal 
muſcles, ſince they continue to be performed 
while we are aſleep, are in no way owing to 
the mind ?—Let a child, when aſleep and 
breathing ſoftly, have a thick cloth laid over 
its face; immediately it will begin to breathe 
deeper ard quicker, and will go on to reſpire 
in this manner, till, the cloth being removed, 
the cool air 1s admitted into the lungs. This 
undoubtedly muſt ariſe from the uneaſineſs 
| | | which 
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which the mind feels from the difficult paſ- 
fage of the blood through the lungs, and the 
want of proper air; in order to get rid of which 
inconveniencies, it moves the Hherax with un- 
common force and frequency, whence a great- 
er quantity of air is inſpired, and the lungs are 
more widely dilated.— In an , does not 
the ſenſe of ſuffocation excite the mind to re- 
double the motions of the inſpiratory muſcles, 
and are we not ſenſible of this when awake? 
In ſleep, when we are leſs conſcious of this 
uneaſineſs, does not the mind perſevere in ex- 
erting its influence in the ame manner up- 
on theſe muſcles? A ſtrong argument this, 
that the mind, as a ſentient principle, is often 
affected by what paſſes in the body, and is, in 
conſequence of this, excited into action, when, 
in the mean time, we don't advert to any ſuch 


thing, 


SECT. 
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FECT. IX. 
Of the beginning of reſpiration in animal, 


S it would be altogether unneceſſary to 
prove, that the fatus cannot poſſibly 
perform the actions of reſpiration, when it 
is in the womb, and incloſed in its membranes; 
ſo I ſhall take it for granted that animals don't 
begin to breathe, till the external air has ac- 
ceſs to them, at the time of birth; though! 
find, not indeed without ſurprize, ſome of 
the moderns going into the contrary opi- 
nion “. 

Ir may perhaps have the appearance of pre- 
ſumption, if I undertake the ſolution of 2 
problem, which ſome of the greateſt Phyſio- 
logiſts have attempted in vain : however, I 
can't help thinking it full as eaſy to account 
for the firſt commencement of reſpiration, as 
for its continuance when once begun ; and 
that both are owing to the ſame cauſe, name- 
ly, to an uneaſy ſenſation in the lungs. 

OUR 


* Mazini opera tom. 3. 
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OuR bodies, framed, as they are, with the 


moſt exquiſite ſkill, would ſoon periſh if de- 
prived of the benefits of food and air. The 
former of theſe, muſt be ſupplied at ſhort 
intervals, but the latter can hardly be want- 
ed for a moment. The fetus, while in the 
womb, ſtands not in need either of the one 
or the other ; the mother's juices, tranſmitted 
to it through the veſſels of the placenta, ſup- 
plying the want of aliment; and the pecu- 
lar circumſtances of its heart making the al- 
ternate motion of reſpiration, which is requi- 
fite for carrying on the circulation of the 
blood in animals after birth, unneceſſary here; 
while the mother's fluids, having ſuſtained the 
ation of the air in her lungs, are duely fit- 
ted for all the purpoſes of the fetus, with- 
out any reſpiration of its own. The neceſſi- 
ty, therefore, of air and aliment commences 
with our birth; and as we are excited to take 
in meat and drink by the uneaſy ſenſations of 
hunger and thirſt, which, as faithful moni- 
tors, never fail to warn us when theſe are 
wanted, but immediately ceaſe upon the ap- 
petite's being ſatisfied; ſo, to prevent our 
being in danger of periſhing through the want 

of 
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of freſh air, there ariſes, unleſs the action of 
breathing be continually repeated, and new ſup. 
plies of freſh air thus brought into the lungs, 
an uneaſy ſenſation, which may not impro- 
perly be termed the APPETITE of breathing, 

Ir then an appetite for freſh air be as natural 
to animals after birth, as a deſire of aliment; 
and if no one ever yet thought of accounting 
either for the ſenſations of hunger and thirſt, 
or for the taking of food conſequent upon 
them, merely from the mechanical conſtru- 
ction of the ſtomach, gullet and faces, with- 
out having recourſe to a ſentient principle; is 
it not highly unreaſonable and unphiloſophi- 
cal to attempt to explain the action of reſpi- 
ration from principles purely mechanical, and 
to deny the perception and operation of a ſen- 
tient active principle to be the cauſe which at 
firſt begins, and ever after continues it? This 
analogy 1s too ſtrong not to ſtrike every un- 
prejudiced mind ! 

BuT it may be here aſked, in the way of 
objection, why, if the tus, during its con- 
finement in the womb, has an inclination to 
breathe, is not the liquor ammii, like the air 


after birth, received into its lungs, and expel- 
| led 
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led alternately *: The anſwer. to which is, 


1. THAT had the Fetus in utero ever fo 
ſtrong a defire to perform the action of reſpi- 
ration, it could not admit the liquor amnii in- 
to its lungs; partly on account of water be- 
ing a fluid altogether improper for the purpo- 
ſes of reſpiration; but more eſpecially becauſe, 


whenever it ſo much as touches the top of 
the /arynx, the glottis is ſo conſtricted, by 


the convulſive contraction of its muſcles, that 
ſcarcely can even one drop pals into the lungs. 
This appears evidently from the obſervation, 
that thoſe animals, which have been immerſed 
and kept under water, don't admit any of 
this fluid at all into their lungs, much leſs ſuch 
a portion of it as might properly be eſteemed 
the cauſe of their deaths +. If, therefore, 
2 ſmall quantity of water has at any time 
been found in the lungs of drowned ani- 

Dd mals, 


* Dr. Martine has propoſed it as a problem, why the 
fetus in time of geſtation never dilates its thorax, nor 
at any time before birth performs, however ſlowly, the 
motions of inſpiration and expiration ſucceſſively, Me- 
dical Eſſays, vol. 1. art. xii. 

+ Hiſtoire academie des ſciences 1719, edit. 8v0. p. 32. 


& 1725, p.16. 
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mals, we are not to ſuppoſe it made its way 
thither while they were alive, but only after 
their death, when, the muſcles of the glorti; 
lofing their power of contraction and beco- 
ming flaccid, its ſides recede from each o- 
ther. 

Tux different cravings or appetites have ſe- 
verally their correſponding objects : freſh air, 
on account of its cooling quality and perhaps 
vital principle, and becauſe it equably and 
gently dilates the lungs, and thus promotes 
the circulation of the blood through their veſ- 
ſels, is as well adapted to ſatisfy the appetite of 
breathing, as thin cooling drink to quench 
thirſt; whereas water would be altogether as 
improper for the purpoſes of reſpiration, as 
dry bread for diluting our fluids, or ſatisfying 
the cravings of a thirſty animal. Hence as 
food has the higheſt reliſh to a hungry per- 
ſon, ſo, to one half ſuffocated for want of air, 
nothing is more refreſhing or more greedily 
taken in than this fluid. 

SINCE, therefore, it appears from what has 
been ſaid, that water is wholly unfit for an- 
ſwering the appetite of breathing, and that 
animals which have been long accuſtomed to 

reſpiration, 
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reſpiration, never ſo much as attempt, when 


under water, to draw it into their lungs ; it 
follows, that the fetus in utero, even ſuppo- 
ing (what ſeems not however to be the caſe) 
it had the ſame appetite of breathing with a- 
nimals after birth, could not receive the li- 
quor of the amnios into its lungs, and expel 


it thence alternately. .'Thus we ſee how eaſy 


a ſolution Dr. Martine's problem admits of; 
and that, for this purpoſe, it is quite unneceſ- 
fary to have recourſe to any imaginary com- 
preſſion of the phrenic nerves. But, 


2. IT ſeems probable that either the appe- 


ite of breathing does not take place in fuſes 


till birth, or that then it becomes much 
ſtronger ; for, 

« THE uneaſy ſituation of the fetus, when 
the birth is juſt at hand, and its various mo- 
tions and ſtruggles in conſequence of this un- 
eaſineſs, muſt remarkably quicken the circu- 
lation of the blood through itsveſſels; whence 
the lungs will not only receive a larger ſhare 
of fluids in a given time than formerly, but 
the blood paſſing in greater quantity than u- 
ſual from the left ventricle of the heart into 

the 
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the aorta, and making therefore a ſtronger 
reſiſtance to the paſſage of this fluid through 
the ductus arterigſus, it muſt now be more 
copiouſly determined into the pulmonary 
artery, from whoſe beginning this duct ariſes, 
But if the blood be thus puſhed in greater 
ſtreams into the veſſels of the lungs at, and 
even ſomewhat earlier than the time of hirth, 
muſt there not hence enſue a greater degree 
of heat, and fulneſs, a more active /kimulus 
and uneaſineſs in theſe veſſels; or, in other 
words, muſt not the appetite of breathing be 
hence neceſſarily increaſed? After birth, when 
the /z#tus remains for ſome time incloſed in its 
ſecundines before it is allowed to breathe, this 
increaſed motion of its blood may well be ſup- 
poſed to be much abated ; however the cold, 
which it is now much more expoſed to than 
formerly, by conſtringing the placentary and 
cutaneous veſſels, muſt accelerate the return 
of their blood to the right ventricle of the 
heart, and, by this means, increaſe the force 
of the circulation in the interior parts of the 
body. | 

2 Ir is not improbable, that the air, beſides 
its actin gas a cool elaſtic fluid upon the blood 


contained 
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contained in the lungs, may alſo communi- 
cate to it ſomething more immediately neceſ- 
fary for preſerving the flame of life. So long 
as the fetus remains in the womb, its fluids 
are ſupplied with this vivifying quality of the 
air, by their having ſuſtained the action of 
its mother's lungs ; but at the time of birth, 
h, MW when the communication lately kept up, by 
ce means of the umbilical veſſels, between the 
us mother and child, is at an end, may not the 
er defect of this pabulum vitæ (if I may be al- 
De lowed the expreſſion) which the air is ſup- 


n poſed to convey, and which was wont to be 
t tranſmitted to the fatus along with the mo- 
is ther's juices, produce ſome ſort of uneaſi- 
- neſs, not hitherto perceived, which ſhall be- 
l ger, or at leaſt enhance, the deſire of reſpi- 


n ration? What is here offered by way of con- 
d jecture, is rendered highly probable by the 
N following obſervation ; namely, that when 
c the uterus of a living bitch is laid open, the 
- puppies incloſed in their membranes remain 
. quiet for ſome time ; but, about the time of 

the mother's death, begin to ſtir about and 
ö ſtruggle, as if affected by ſome very uneaſy 


| ſenſation; and that if their membranes be 
laid 
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laid open at this time, or a little after, ſo 
that the air ſhall be admitted to them, they 
immediately begin to breathe, and ſeem to be 
relieved from what before opprefled them; 
but if this is not done, they quickly begin 
to languiſh and at laſt die . Does not this 
argue that a neceſſity of reſpiration, and a de- 
fire, ſtronger at leaſt than before, of dila- 
ting the 7horax for the admiſſion of air, com- 
mences on the part of the fatus, immediate- 
ly after its intercourſe with the mother is cut 
oft by the birth ? 9 
y As the water ſurrounding the fu 
would certainly hinder its making any ef- 
forts to inſpire, though it were ſuppoſed e- 
ver ſo deſirous of doing it, ſo the air, the 
proper medium for reſpiration, being applied 
after birth to the face, mouth and noſtrils 
of the animal, may put it upon eſſaying a 
new function, which, by reaſon of the pecu- 
liar ſenſation in its lungs, it cannot but be 
extremely 


* Fœtum cum ſuis involucris eximo, & exteriori 
c effracto involucro per interius valde pellucidum oſtend 
per interius valde pellucidum oſtendo 

** qui fcetus reſpirare conetur, quamque pulchre interiori 


** quoque fracto acrem ducat.” Veſalii anatom. lib. 7 


c. 19. 
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extremely anxious to exert. We may ob- 
ſerve that a new-born child rarely performs 
the motion of ſuction except ſomething be 
applied to its mouth; and, perhaps, in the 
ame manner the appetite of breathing itſelf 
may be increaſed in a ftw by the preſence 
of a fluid fitly anſwering its demands.—The 
chick, after it is become large and ſtrong, 
z obſerved to gape when the ſhell is opened; 
and does not this indicate a defire of breath- 
ing? this opening of the mouth cannot be 
in order to take in the liquor of the ammos, 
ſince the chick is nouriſhed, not by the 
mouth, but by the umbilical veſſels alone *. 
Ueon the whole, although it is not im- 
probable that the fetus, during its ſtay in the 
womb, may, from the difficult paſſage of 
the hlood through its compreſſed lungs, have 
a defire to breathe, provided it could enjoy 
the benefit of air, yet it ſcarcely can be doubt- 
ed that this appetite of breathing muſt be 
conſiderably increaſed at birth. Nor is 
breathing the only action of a child newly 
born, which before it was a ſtranger to; 
ſucking being equally new to it as breath- 
ing. 
Medical Eſſays, vol. 2. art. 10. 
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ing *. The former has been generally re. 
ferred to inſtinct, and ſo perhaps may the M | 
latter: but as I would decline, as much x MW 4 
poſſible, the uſe of words, whofe meaning hi 
may be obſcure or indeterminate ; ſo I chuſe WM , 
rather to ſay, that ſucking and breathing MW 3 
are owing to particular ſeniations in the M 4 
body, determining the mind or ſentient prin- 8 
ciple to put certain muſcles or organs in W 7 
motion. 1 
HavinG thus accounted for the begin- 4 
ning of reſpiration in animals, we ſhall, in a 


few words, ſhew the weakneſs of what has - 
been advanced on this head by ſome of the WW . 
moſt conſiderable writers in Phyſiology. of 

Our celebrated countryman Dr. Pitcam WF 6 
derives the firſt inſpiration in new-born ani- oh 


mals, from the air ruſhing, by the glatt, 
into the cavity of the thorax at birth, as it 
were into a vacuum, and thus enabling the in- 


tercoſtal muſcles to raiſe the ribs +. But s 
| | the 


* That the fetus in utero does not ſwallow the /1quir 
amnii, has been fo clearly demonſtrated by my worthy 
friend and collegue Mr. Monro, that I think it one of the 
few points in Phyſiology which ought for the future to 
paſs undiſputed. See Medical Effays, vol. 2. art. 9 


+ Diſſert. de cauſ. qui ſanguis fluit per puimon. ſed 
14, P-53: = 
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the lungs, before birth, fill the cavity of the 
thirax, there can be no vacuum into which 
the air may ruſh: for, if there were, the 
liquor amnii muſt have been forced into it, 
while the fetus was in the womb; and in 
dead-born fetuſes; the air ought to ruſh into 
the lungs and expand them ; both which 
circumſtances are contradicted by experience. 
The Doctor adds, Irrumpit, inquam; aer vi ela- 
leris et gravitatis, non autem dilatati prius pe- 
doris, compulſus *; whence it is evident he was 
quite unacquainted with the true manner in 
which inſpiration is performed: for it is owing, 
23 has been ſhewn above, to the enlargement 
of the cavity of the breaſt, made by the con- 
traction of the intercoſtal muſcles and dia- 
phragm. Beſides, fince the thorax is in a ſtate 
of full expiration in all dead animals, it evi- 
dently appears that the air cannot, by its gra- 
vity, &c: dilate the lungs; but that, in order 
to the firſt inſpiration, the diaphragm and in- 
tercoſtal muſcles, by their contraction, muſt 

enlarge the cavity of the cheſt. 
Tur great Boerhaave, after Thruſton and 
E e Borelli, 


Diſſert. de eauſ. qua ſang, fluit per pulmon. Sect. 15. 
54. 
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Borelli, aſcribes the beginning of reſpiration 
to the fætus moving all its muſcles violently 
in the time of birth, and, among the reſt, the 
intercoſtals and diaphragm“. But this ac- 
count is by no means ſatisfactory; ſince Veſa- 
lius and Mr. Boyle have obſerved, that puppies 
cut out of their mother's womb begin to 
gape and breathe as ſoon as they are expo- 
ſed to the open air T. And when infants, 
which ſeemed to be dead-born, have begun 
ſoon after to breathe, we are not, with Senac, 
to aſcribe this to the action of any ſecret reſort, 
or undiſcovered piece of mechaniſm, bringing 
the muſcles of inſpiration at this time into 
play 4; but to the energy of the ſentient prin- 
ciple, which, as ſoon as its little heart begins 
to vibrate, is rouſed, by a diſagreeable feeling 
in the lungs, to dilate the thorax and take in 
air. The cauſe, therefore, of the firſt reſpi- 
ration in this caſe, is evidently the ſame as of 
its recommencement after a ſyncope, - namely, 
the blood puſhed by the heart, upon its reco- 


vering 
* Inſtitut, Med. 9691. 


+ Veſal. Anatom. lib. vii. cap. 19. & Boyle's exp. phyſic, 


mechan. p. 41. 
t Traitẽ du coeur, lib, 3. chap. 8. Sect. vi. 


c. 
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yering motion, into the pulmonary veſſels, and 
there acting as a /timulus. 

Tux induſtrious Haller chuſes to deduce 
the beginning of reſpiration, from the endea- 
yours of the fetus to cry, upon account of its 
uneaſy ſituation and the pain it ſuffers in the 
time of birth *. But, if the commencement 
of breathing were owing to no other cauſe 
than this, why ſhould not this action ceaſe 
ſoon after the child is delivered, when it is 
free from pain and gives over crying? Or why 
ſhould it begin in Veſalius and Boyle's experi- 
ments now mentioned, where the uſual cau- 
ſes exciting the animal to cry were wanting ? 
And why ſhould the fetus ſhew ſuch marks 
of anxiety when incloſed in its membranes, 
and be quickly at eaſe, upon its having acceſs 
to the air and being allowed to breathe ? 

Bor what is crying in infants? Why, no 
more than an irregular kind of breathing, 
which affects the expiration chiefly, and is ow- 
ing to ſome painful ſenſation; for, hence, the 
air being forcibly expelled through the glorrzs, 
which is conſtricted now more than uſually, 

produces 


Not. a in Boerhaave Inſtitut, Med. & 691. & prim. 
lin. Phyſiolog. 
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produces the noiſe called CRYING. To tell us 
therefore, that the beginning of reſpiration in 
animals is owing to their attempting to cry, is, 
in other words, to ſay, that it depends upon a 
painful ſenſation, which, in animals accu- 
ſtomed to breathe, prevents the muſcles of 
reſpiration from being moved in a regular and 
natural way. But, as the action of theſe mu- 
ſcles is performed in a more regular and equa- 
ble manner as ſoon as the cauſe of crying 
ceaſes, it ſeems more reaſonable to believe 
that the firſt inſpiration is owing to the ſame 
cauſe as the ſecond, third, and every ſucceed- 
ing one, namely, to a particular ſenſation in 
the lungs affecting all new-born animals: 
while the pain, which occaſions crying, is 
merely accidental, and ſeems not to give riſe 
to reſpiration, when it does happen; though, 
after it is once begun, it is the cauſe of its be- 
ing performed after an irregular and interru- 
pted manner, 

ANIMALS, when 8 or ſuffocated 
with bad air, are many times brought to life 
again by friction, agitation, or by blowing air 
into their guts or lungs; all which expedients, 
as they communicate motion to the blood ſta- 

gnating 
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gnating in the greatveins adjoining to the heart, 
tend to renew the contractions of this organ 
and conſequently the circulation of the blood 
through the veſſels of the lungs, to which a- 
lone the recommencement of breathing is ow- 
ing, and not to any attempt to cry or howl, 
which, in theſe caſes, is ſeldom obſerved. 

FURTHER; in batts, hedge-hogs and other 
animals which ly in a death-like ſtate during 
the winter's cold, and without any alternate 
motion of their thorax, can the recommence- 
ment of breathing, in the ſpring ſeaſon, be 
aſcribed to any painful ſenſation exciting them 
tocry? No, ſurely. But the returning heat 
of the ſun agitating their fluids, and commu» 
nicating a new motiou to their heart, the 
blood is puſhed, as is uſual in living animals, 
Into the pulmonary veſſels, where, chiefly on 
account of its difficult paſſage, it excites a pe- 
culiar ſenſation, which rouſes the ſoul or ſen- 


tient principle, as it were, from its ſtate of 


indolence and inactivity, to contract the in- 
ſpiratory muſcles, and thus perform the action 

of reſpiration. 
Urox the whole, I think it evident that the 
beginning of reſpiration in new-born animals, 
or 
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or the recommencement of it in thoſe in 
which it has been for a long time inter. 
rupted, cannot with any ſort of juſtice or pro- 
priety be deduced from an inclination to cry; 
but is owing to a peculiar ſenſation in the 
lungs, which as it at firſt gave riſe to this a- 
ction, ſo it is the cauſe of its being ever after 
continued. And if we are ſo formed, that we 
feel a craving appetite, as often as our bodies 
require a new ſupply of food, and a differ- 
ent ſenſation when our fluids need to be 
diluted with drink, can it be thought ſtrange 
that an appetite ſhould be given us for air, 
the want of which becomes much ſooner 


fatal? 


A Solution of Harvey's Problem. 


U! fit, ut fetus in lucem editus, ac membranis 
integris opertus, et etiamnum in aqua ſua, 
manens, per aliquot horas, citra ſuffocatioms 
periculum, ſuperſtes fit : idem tamen ſecundis 
exutus, fi ſemel aerem intra pulmones attraxerit, 
poflea ne momentum quidem temporis abſque es du- 


rare paſſit, ſed confeſtim moriatur *? 8 
HIS 


Harvey de generat. animal, cap. de partu, p. 501, 
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Tuls problem, which was firſt propoſed 
by the great Dr. Harvey, appears to be of fo ve- 
ry eaſy ſolution, that it is not a little ſurpriſing, 
that many Phyſiological writers ſhould have 
attempted it in vain. 

Tur fetus lives in the womb without re- 
ſpiration, becauſe the greateſt part of the 
blood, by means of the foramen ovale and 
duftus arteriojus, is conveyed from the right 


ſinus vengſus and ventricle of the heart, into 


the left ventricle and aorta, without paſſing 
through the lungs ; and becauſe its fluids, be- 
ing derived from the mother's blood which 
has ſuſtained the action of the air in her 
lungs, muſt be equally fit for its nouriſhment 
and ſupport, as for her's— When the fætus, 
after being ſeparated from its mother, re- 
mains involved in its ſecundines, it lives for 
2 conſiderable time without breathing; be- 
cauſe the circulation of the blood continues 
to be carried on in the ſame manner as when 
it was in the womb, only a ſmall proportion 
of it paſſing though the lungs : ſo that there 
s nothing to hinder the animal from living, 
till it is extinguiſhed by cold, or perhaps 

through 
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through the want of ſomething neceſſary to 
life, which the air may ſupply. 

AFTER birth, when the Fatus has once 
been accuſtomed to breathe, it quickly dies, 
if reſpiration 1s diſcontinued ; becauſe the 
blood, which formerly went by the foramen 
cvale and duclus artericſus; paſſes now through 
the veſſels of the inflated lungs: and al- 
though we cannot ſuppoſe theſe paſſages to 
be inſtantly ſhut after breathing begins, yet 
as the veſicles of the lungs, after having been 
once inflated, never collapſe ſo far as to oc- 
cupy as little ſpace as before, their veſſels muſt 
go on to receive a greater quantity of blood 
than before birth, and conſequently to tranſ- 
mit this fluid in greater abundance to the left 
ſinus venoſus ; by which means the paſlage of 
the blood into this „nus, by the foramen ovale, 
will, in a great meaſure, be prevented ; at the 
ſame time, by the inflation of the lungs, the 
pulmonary artery will be raiſed, and perhaps 
the ſituation of the ductus arterioſus fo chan- 
ged, as to render the paſſage of the blood 
through it leſs favourable. Further, after birth, 
when the umbilical arteries are tied, the blood 


paſſing through the ductus arterioſus into the 
aorta 


2. = w_ 2 2. 


aurta will find greater reſiſtance than for- 
merly; ſince the fluids puſhed into this ar- 
tery by the two ventricles of the heart, will 
find a leſs ready paſſage, as a conſiderable 
part of the veſſels through which they uſed 
to low are thus obſtructed, 

Hence if reſpiration be once begun, 
though performed but for a very ſhort time, 
the blood, notwithſtanding its being after- 
wards "reſtrained, will continue to take the 
route of the lungs chiefly, through whoſe 
veſſels, however, it cannot paſs near ſo faſt as 
it is thrown into them from the right ven- 
tricle of the heart; whence it follows, that 
an animal, having been once accuſtomed to 
breathe, and after this happening to be de- 
prived of air, muſt be quickly ſuffocated by 
an accumulation of blood in the pulmonary 
veſſels *. E 2 
F f Sog 


* As there are ſome who doubt of the alternate mo- 
tion of of the lungs in reſpiration, being _ to 
carry on the circulation of the blood through their veſſels, 
I ſhall here mention a few experiments, which ſeem to 
put this matter out of doubt. 

1. When the lungs are collapſed, i. e. in a ſtate of ex- 
piration, as is the caſe in all dead animals, any fluid in- 
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| Some may perhaps think the ſudden death 
of animals deprived of the benefit of reſpi- 
ration, is owing rather to the want of ſome- 


thing 


jected into the pulmonary artery, paſſes with difficulty to 
the left ventricle of the heart. 

2. When the lungs are inflated with air, an injected 
liquor flows through their veſſels more eaſily and in preat- 
er quantity. 

3. When the lungs are agitated with an alternate mo- 

tion, ſomething like natural reſpiration, water or any o- 
ther thin fluid paſſes ſtill more wool through them, and 
penetrates into their moſt ſubtile veſſels *. 
4. Tf reſpiration be reſtrained for any conſiderable time, 
one's face becomes of a purple colour, and its veins are 
much. diſtended with blood; which ſhews that this fluid, 
on account of its difficult paſſage through the lungs, is 
accumulated in the trunks of the cava and right mu 
_ wenoſus. 

of But the neceſſity of the alternate motion of reſpira- 
tion in order to the free tranſmiſſion of the blood through 
the pulmonary veſſels, is ſtill more evidently demonſtra- 
ted by the following experiment of Dr. — 7:6 
dog whoſe trachea was cut juſt below the pomum adam, 
— cloſe ſtopt with a cork, after a few violent ſtruggles, 
died in two minutes; and, upon opening the thorax, the 
pulmonary artery, right ventricle and auricle of the heart, 
together with the great trunks of the cava, were diſtend- 
ed with blood to an exceſſive degree; while the pul- 
monary veins, left auricle and ventricle of the heart, were 
almoſt quite empty, not containing more than a ſpoonful 
of blood Tf. | 

It may be thought perhaps that the force of this experi- 
ment is weakened by one of Dr. Hoo#'s, who having cut 
away the ribs, diaphragm and pericardium of a dog; _ 

| pric 


* Vid. Kaau perſpirat. Hippocrat. dicta, ſect. 160. 161. 162. K 170 
+ Philoſophical Tranſact. abridged, vol. 3 p. 67. 
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thing in the air which ſupports the vital flame, 
But although it is not improbable that the air, 
beſides 


pricked the outer coat of the lungs with a penknife, pre- 
ſerved him alive, by keeping his lungs fully diſtended with 
a continued blaſt of air which he made to paſs through them 
by means of a pair bf double bellows *. But as the 
ood flows much more freely through the pulmonary veſ- 
ſels when the lungs are inflated, than when they are col- 
lapſed, it is by no means ſurpriſing, that in this dog, 
which had loſt a great deal of blood during a former ex- 
periment, the inflated lungs ſhould afford an eaſy enough 
paſſage to the ſmall quantity of this fluid that would — 
thrown into their veſſels by the contraction of the right 
ventricle of the heart; eſpecially if we conſider, that the 
conſtant ſtream of air muſt — while it was paſ- 
ſing through the lungs, and eſcaping by the ſmall wounds 
made in their external ſurface, have communicated a 
conſiderable oſcillatory motion to all their veſicles and veſ- 
ſels, whence the motion of the blood through them would 
be greatly promoted, And that a very ſmall agitation of 
the lungs may be fufficient to keep up the circulation 
through their veſſels, and preſerve life, 2 appears 
from the faintings which hyſterical people are ſometimes 
ſubject to. In theſe faintings, which I have ſeen laſt from 
5to near 15 minutes, the pulſe, perhaps, beats a very little 
ſlower than before, but with its uſual regularity ; while in 
the mean time there is no motion of the thorax obſer- 
yable to the eye, notwithſtanding that, by holding a lighted 
candle near the mouth, one can eaſily diſcover that they 
breathe, though it be very m_—_ and oy: Further, 
in Dr. Hook's experiment, the paſſage of the blood through 
the pulmonary veſſels muſt have been much freer than 
it is in ſound animals, whoſe lungs are kept in a ſtate 
of full inſpiration, becauſe they are, while in this ſtate, 
conſiderably preſſed upon by the rarified air endeavouring 
to inflate them more and more on the one hand, and the 
ſides of the thorax reſiſting this inflation on the other, 


* Philoſoph, Tranſact. abridged, P. 66. 
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beſides its action on the lungs, as a cool ela. 
ſtick fluid, may contribute in ſome other way 
towards ſupporting life; yet ſince a f&tus can 
live a conſiderable time without reſpiration, 
when ſeparated from its mother and involved 
in its ſecundines, its dying ſooner for want 
of air, after it has once breathed, cannot be 
owing ſolely to the defect of any thing which 
this fluid might communicate to the blood 
in the lungs, but muſt be deduced from the 
change made in the pulmonary veſſels by re- 
ſpiration, as has been above explained. And 
this reaſoning is confirmed from the obſerva- 
tion, that animals, through whoſe lungs 2 
ſmall ſhare only of the blood circulates, can 
ſuſtain the want of air much longer than man 
and the ather more perfect animals, in which 
the whole maſs of blood paſſes through the 
pulmonary veſſels: as likewiſe that new- 
born animals, which have breathed only for a 
ſhort time, don't die ſo ſoon in the air pump 
as others do * 

. Having busy at large, ſhewn the vital 
NE other involuntary motions of animals to 
be all owing to a ſimulus of one kind or other, 


acting either immediately upon the organ 


moved, 
* Philoſophical Tranſact. abridged, vol. 2. p. 217. & 218. 
7 ey © 24+. 0 3 8 
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moved, or on ſome neighbouring part with 


which it ſeems to have a peculiar ſympathy ; 
it remains that we next inquire, whence this 
power of a ſtimulus over the muſcles of animals 
muſt be derived ? 


SECT. 


Of the reaſon why the muſcles of animals are 
excited into contraction by the 2 lication of a 
ſtimulus, 


HE muſcular fibres of animals are fo 

framed, as to contract whenever a cauſe 
proper to excite their action is applied to 
them, or, in defect of this, always to remain 
at reit. This cauſe is either an effort of the 
will , or a ſtimulus of ſome kind or other +: 
to the former are owing the voluntary mo- 
tions; and to the latter all ſuch as we call 
vital and ſpontaneous. 

How or in what manner the will acts up- 
on the voluntary muſcles, ſo as to bring them 
into contraction, is a queſtion wholly beyond 
the reach of our faculties; and indeed, were 


it otherwiſe, the anſwer would be of no great 
importance 


* Sect. 1. No 7. above. 
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importance, it being ſufficient that experience 
convinces us the will is really poſſeſſed of this 
power. But, in this our endeavour to trace 
the vital and other involuntary motions up to 
their firſt ſource, it ſeems to be a matter of 
no ſmall moment, to inveſtigate the cauſe or 
cauſes which enable /{imult of various kinds 
to excite the muſcles of living animals into 
contraction. And here, 


1. SOME have contented themſelves with 
aſcribing the contractions of muſcles conſe- 
quent upon pricking, tearing, ſtretching, or 
otherwiſe ſtimulating them, either by the 
application of ſolid bodies, or acrid fluids, to 
the elaſtic power of their fibres * ; but with- 
out informing us particularly, whether by this 
they only underſtood that remarkable power 
of refilition belonging to many bodies, and 
from which they are named elaſtic, or ſome- 
thing different from, or ſuperadded to this. 


However, theſe would have done well ta 
conſider, 


* Baghv. opera, 4to, lib. de fibra motrice, cap. Il. 
p. 335. & Diſſert. de anat. fibrar. & motu muſcul. p. 403 


. Hoffman. ſyſtem, med. lib, 1. ſect. 1. cap. 3. Ne 17. 
18. 
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conſider, that an elaſtic body, of whatever 
kind it may be ſuppoſed, is no more than a 
piece of dead inactive matter, without any 
power of generating motion; and that tho 
it ever recoils with a force proportional to 
that which bent or wound it up, yet it does 
this only in conſequence of its being acted 
npon, and not from any proper agency of its 
own,——That the ſharpeſt needle does not 
produce ſtronger vibrations in the ſpring of 
awatch, than a blunt one acting upon it with 
equal force ; and that ſpirit of wine, or oil of 
vitriol, dropt upon the moſt highly elaſtic 
body, diſturb not its ſtate of reſt, any more 
than the mildeſt milk, or oil of almonds : 
whereas the contrary of all this is true with 


reſpect to the action either of ſtimulating ſo- 


lid bodies or acrid fluids upon the muſcular 


fibres of animals; whence it follows, that 


the motions they produce are not to be ex- 
plained by any elaſtic powers, which, it may 
be imagined, theſe fibres are endued withal. 


2. OTnes, giving ſcope to a lively ima- 
gination, have fancied the animal ſpirits lod- 
ged in the cavities of the muſcular fibres, to 

conſiſt 
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conſiſt of a number of little ſprings wound 
up, which, by the application of ſtimulating 
bodies, being put into vibratory motions, di. 
late theſe fibres; and ſo render the whole 
muſcle ſhorter . Not much different from 
this is the opinion of the learned Dr. Senac, 


who tells us, in his accurate Treatiſe upon, 


the heart +, that this muſcle is brought into 
contraction by the returning venous blood, 
which dilates its ventricles, and ſtretches their 
conſtituent fibres in ſuch manner, as to excite 
an oſcillation in the animal ſpirits lodged in 
them, and conſequently to make the muſcular 
ſubſtance of the heart ſwell and become hard, 
Bur, waving the objection, that as the 
nature of the animal or vital ſpirits, as they 
are called, is altogether beyond our ken, e- 
very account of muſcular motion from a fi- 
mulus which depends on their peculiar energy 
or manner of action, muſt therefore be mere- 
ly hypothetical and precarious at beſt ; may 
it not well be aſked, why, if muſcular con- 
traction from a ſtimulus were owing to the a- 
nimal ſpirits excited into an oſcillatory mo- 
tion, 


* Lieutaud, element. Phyſiolog. p. 71. 72. & 261. 
+ Vol. 1. lib. 2. cap. 8. 


erase 


SFr x a>; 
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tion, ſhould preſſing the belly of a muſcle 
with a ſmooth body cauſe a weaker oſcillation 
than the pricking of a pin, which is applied 
with leſs force, and affects only a very few of 
its fibres? or why ſhould one and the ſame 
irritating cauſe acting on the tendinous fibres 
of a muſcle, raiſe a much more violent oſcil- 
lation of the nervous fluid, than when applied 
to its carnous ones: Beſides, ſuppoſing 
the animal ſpirits lodged in the muſcular 
fibres to be ever ſo elaſtic, would it not be in 
vain to go about deducing the motions of 
muſcles conſequent upon a ffimulus from this 
property, ſince elaſtic bodies, as was obſerved 
above, never, of themſelves, generate motion, 
but recoil only with a force proportional to 
that wherewith they are acted upon. If it be 
pretended, that the animal ſpirits differ from 
other elaſtic bodies, or owe their oſcillatory 
motion to ſome other cauſe®, no ſatisfaction, 
ſurely, can ariſe from ſuch a refuge in igno- 
rance ; for theſe ſpirits muſt either act entire- 
ly as a mechanical power, or not: if the af- 
firmative be admitted as true, it muſt alſo at 
the ſame time be confeſſed, their reaction, 

G g like 


* Senac Traits du coeur, vol, 1. p. 452. 
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like that of other elaſtic bodies, can never 
exceed the power acting upon them and put- 
ting them in motion: but if their action, in- 
ſtead of being properly mechanical, be aſeri- 
bed to ſome unknown active properties, this 
will be found to be not only a mere hypothejis 
but ſuch a one as will hereafter be proved ut- 
terly irreconcileable with the phenomena of 
muſcular contraction from a /f:mulus. 


3. IT may be thought, that muſcular con- 
traction is owing to ſome kind of exploſion, 
ebullition or efferveſcence, occaſioned by the 
mixture of the nervous and arterial fluids, or 
perhaps to the peculiar energy of ſome very 
ſubtile ethereal or electrical matter reſiding in 
the nerves; and that as theſe cauſes may be 
brought into action by the power of the will, 
in order to voluntary motion, ſo, in the caſe 
of invaluntary motion, they may be neceſla- 
rily determined to exert their influence, by 
the mechanical action of heat, ſharp inſtru- 
ments, or other //imul; applied to the fibres 
or nerves of the muſcles *. 


Bur, 


* Dr. Robinſon has aſcribed muſcular contraction from 
heat, punctures, &c. to their exciting a vibrating motion 


in the ether within the nerves and membranes of _—_ 
| | cles; 


other InNvoLUNTARY MoTIons. 235 


BuT, without inquiring how far the con- 
traction or intumeſcence of a muſcle may be 
owing, or not, to any of the cauſes now 
mentioned, it will be no difficult matter to 
ſhew that they cannot, without the interven- 
ton of ſome other agent, be excited to exert 
themſelves by the various ſtimuli which are 
obſerved to bring the muſcles of animals into 
contraction: for a fluid lodged in the nerves 
or muſcular fibres, though of a nature fit to 
produce exploſions, efferveſcences, &c. is 
by no means ſufficient for any of theſe pur- 
poſes, unleſs a cauſe peculiarly adapted to ex- 
eite ſuch motions be applied to it. Thus gun- 

powder 


cles; and thinks that the exploſion of the electrical vapour 
brings the muſcles into a ſtrong and ſudden contraction, by 
riſing a ſtrong vibrating motion in the ether lodged in 
their nerves and membranes, Animal QEconomy, prop. 8. 
and Difſertation on Sir Iſaac Newton's ether, Appendix, 
p. 140. Dr. Langriſb alſo is of opinion, that warmth 
and pricking with a needle renew the contraction of the 
heart, by putting in motion the ethereal matter of the 
nerves. Cronean Lectures, ſect. 127. and 151. And 
as of late years there has appeared a fondneſs in ſome, to 
explain almoſt every hidden operation in nature by electri- 
city, I thought it might not be improper to ſhew, that the 
electrical aura, even ſuppoſing it were the MATERIAL cauſe 
of muſcular contraction, will not enable us to account for 
the motions of muſcles, whoſe fibres or membranes are 
pricked, torn, or otherwiſe ſtimulated. | 
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powder produces no exploſion without the af. 
ſiſtance of fire; nor are electrical efluvia ex- 
cited into action, but by the attrition of 
certain bodies. Alcalies then only raiſe a 
commotion when mixed with acids ; and no 
efferveſcences or ſudden ebullitions can be 
produced, without the mixture of ſubſtancey 
diſagreeing in their qualities. Fire applied to 
a glaſs globe will not produce electricity, any 
more than friction will make an alcaline liquor 
efferveſce, or the mixture of an acid ſet gun- 
powder in a flame. If therefore muſcular 
motion were owing to any of the cauſes 2. 
bove mentioned, it might reaſonably be ex- 
pected that it would only follow upon the ap- 
plication of certain kinds of ſimuli to the mu- 
ſcular fibres: but we know from experience, 
that inſtruments of different metals, provided 
their ſharpneſs and figure be the ſame, have 
an equal power of bringing the muſcles of ani- 
mals into action: — that it makes no odds 
whether the ſtimulating ſubſtances be electrics 
per ſe, or non-electrics: — that acrid liquors 
of quite oppoſite natures have much the ſame 
effect, if their degree of pungency be equal: 
— that acids, alcalies, neutral ſalts, heat, 

pricking, 
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pricking, tearing, and in ſhort every kind of 
irritation, excite the muſcles of animals into 
contraction ; and that there is no difference 
in the motions they produce, except what 
ariſes from their acting as ſtronger or weak- 
er ſtimuli, i. e. from irritating the part more 
or leſs. 

FURTHER, no violent motion is produced 
by any bodies in nature, however active, un- 
leſs the peculiar cauſes neceſſary to produce 
this be applied to them : but in order to the 
contraction of a muſcle, it is not neceſſary 
that the ſtimulus ſhould be applied to its fibres; 


it is enough that the common membranes co 


vering them are irritated, the ſame effect be- 
ing hence produced as from wounding the 
very fibres of the muſcle. This is evidently 
fact, in the caſe of the heart, ſtomach, guts, 
and bladder; nay, many times muſcles are 
excited into action by a ſlimulus affecting a re- 


mote part with which they have no imme- 


diate connexion, or ſo much as even a com- 
munication by means of nerves, unleſs it be 
that general one ſubſiſting between all the 
parts, as their nerves are derived from the 
ſame brain, Thus any thing which affects 

the 
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the interior membrane of the ſtomach after 
a diſagreeable manner, brings the diaphragm 
and abdominal muſcles into convulſive con- 
tractions: the action of light, as a ſtimulus, 
upon the tender retina is followed by the con- 
traction of the orbicular muſcle of the vvea, 
and according to the various impreſſions made 
by ſounds upon the auditory nerves, the mu- 
ſcles of the internal ear are contracted vari- 
ouſly, | | | 

LasTLY, As the electrical uvia, ex- 
cited by friction of certain bodies, are not 
emitted by fits and ſtarts, but in a continued 
equable ſtream, ſo neither do the exploſions 
or efferveſcences produced by the mixture of 
ſubſtances of diſagreeing natures exert them- 
ſelves, like irritated muſcles, by alternate ef- 
forts. As little will the oſcillations of an 
elaſtic ether (ſuppoſing the animal ſpirits to be 
of this nature) ſerve to explain this phenome- 
non, ſince theſe muſt always follow the laws 
of vibration obſerved in other elaſtic bodies, 
which yet are utterly inconſiſtent, as we ſhall 
have occaſion of proving below, with the al- 
ternate and vibratory-like contractions of 


muſcular fibres from an irritation. Upon 
the 
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the whole then, we may fairly conclude that 
the contraction of an irritated muſcle cannot 
be owing to any efferveſcence, exploſion, 
ethereal oſcillation, or electrical energy ex- 
cited in its fibres or membranes, by the me- 
chanical action of the ſimulus upon them. 


4. SEVERAL Phyſiological writers have 
ſuppoſed ſome latent power or property in the 
muſcular fibres of animals, to which their 
motions, in conſequence of an irritation are 
td be referred *. 
BuT this opinion ſeems to be no more than 
2 refuge of ignorance, which nothing, but 
the deſpair of any ſucceſs in their inquiries 
into this matter, can have driven them into. 
For, if they here mean ſome unknown 
active powers reſulting from the peculiar con- 
ſtitution or mechanical ſtructure of a muſcu- 
lar fibre, it may be ſufficient reaſon with us 
for denying there are any ſuch latent cauſes, 
that the aſſertors of them have hitherto been 
as 


* Peyer. Parerg. anatom. 7. p. 198. 
Haller. not. in Boerhaave inſtitut. med. vol. 4. p. 615. 
& 617. Comment, J. G. H. in Boerhaave inſtitut. med. vol. 


5. P. 101. & 104. 
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as unable to vindicate their exiſtence by pho. . 
nomena, which cannot be explained without c 
them, as to ſpecify their true nature; be. MW an 
fides that it muſt appear greatly unphiloſo- 
phical to attribute active powers to what, 
however modified or arranged, is yet no thi 
more than a ſyſtem of mere matter; power; du 
I fay, which are not only confeſſedly ſuperi- MW © 
or to the utmoſt efforts of mechaniſm, but M 
contrary to all the known properties of matter. ir 
FURTHER, the influence of a /?zmulus in ex- 
citing even muſcles, to which it is not ap- 
plied, into contraction, plainly argues ſuch 
motion not to ariſe from any hidden power 
in the muſcle being called into action by the 
mechanical effect or operation of the ſimul, 
Every attempt, therefore, towards explain- 
ing the motions of irritated muſcles, from 
properties which their fibres, conſidered as 
mechanical inſtruments, ever ſo exquilitely 
framed, or nicely adjuſted, can be ſuppoſed 
endued withal, muſt be vain and fruitleſs: 
for as well might we pretend the eye ſees 
objects, and the ear hears ſounds, purely by 
virtue of their being material organs, 25 


imagine the motions of animal fibres from a 
flimulus, 
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fimulus, to be owing ſolely to their mechani- 


cal ſtructure, or to the peculiar arrangement 
and diſpoſition of their parts. | 


5. SOME may, perhaps; be of opinion, 
that the all-wiſe AuTHoR of nature hath en- 
dued the muſcular fibres of animals with 
certain active powers, far ſuperior to thoſe 
of common matter, and that the motions of 
irritated muſcles are owing to theſe. And 
indeed we cannot but readily acknowledge, 
that he has animated all the muſcles and fibres 
of animals, with an active ſentient PRINCIPLE 
united to their bodies, and that, to the energy 
of this PRINCIPLE, are owing, the con- 
trations of ſtimulated muſcles. But if it 
be imagined that he has given to animal fibres 
a power of ſenſation, and of generating mo- 
tion, without ſuperadding or uniting to them 
an active PRINCIPLE, as the SUBJECT and 
CausE of theſe, we preſume to ſay, that a 
ſuppoſition of this kind ought by no means 
to be admitted ; fince, to affirm that matter 
can, of itſelf, by any modification of its 
parts, be rendered capable of ſenſation, or 
of generating motion, is equally as abſurd, 

H h as 
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as to aſcribe to it a power of thinking. Mattet, 
fo far as we can judge of it by all its known 
properties, appears to be incapable either of 
ſenſation or thought: and the whole phenomena 
of the mere material world evidently ſhew, 
that it acts invariably according to certain 
laws preſcribed to it, and without any feeling, 
inclination or choice of its own ; nor is there 
any thing more reſembling will, ſelf- deter- 
mination, or real active power in the mot 
refined and ſubtile parts of matter, than in the 
groſſeſt and moſt fluggiſh. 

Ir then the effects of ſſimuli upon the mu- 
ſcular fibres of animals, cannot be deduced 
from any property or powers belonging to 
them, as mere MATERIAL organs, it remains, 
that they are owing to an active ſentient 
PRINCIPLE animating theſe fibres. But this 
will more evidently appear from the follow- 
ing ABT kh 


1. A fimulus applied to the muſcles of ani- 
mals when laid bare produces, inſtead of on- 
ly one contraction laſting for a conſiderable 
time, ſeveral contractions and relaxations al- 
ternately ſucceeding each other, which be- 

come 
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come gradually weaker, and are repeated 
after longer intervals, as the force of the ir- 
citating cauſe is diminiſhed . Now, theſe 
alternate contractions are eaſily accounted 
for, if we ſuppoſe them to proceed from a 
ſentient PRINCIPLE, which, in order to the 
getting rid of the pain or uneaſy ſenſation 
that ariſes from the irritation of the muſcle, 
determines the influence of the nerves into 
its fibres more ſtrongly than uſual. For, if 
by one or two contractions the irritating cauſe 
be thrown off, and, together with it, the 
diagreeable ſenſation removed, the muſcle 
will return to its former ſtate of reſt; if 
otherwiſe, it will continue for a longer time 
to be agitated by alternate convulſive motions, 
which will be more or leſs forcible, and re- 
peated 'after ſhorter or longer intervals, in 
proportion as the ſtimulus and painful ſenſation 
hence enſuing are ſtronger pr weaker. The 
titillation of a lighter /mulus will be ſo much 
weakened by the firſt contraction of the mu- 
ſcle, that ſome ſpace of time muſt intervene 
before it will be able to produce a ſecond : 
whereas the ſmart pain, which follows a 

ſtrong 
* Sect, 1. No 10, and 11. above. | 
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ſtrong irritation, affects the ſentient principle 
ſo powerfully, that no ſooner is the muſcle 
relaxed, than a new contraction neceſſarily 
comes on. Thus a gentle irritation of the 
left orifice of the ſtomach cauſes only a ſlight- 
er hiccup or convulſive contraction of the 
diaphragm, which too is not repeated til 
after conſiderable pauſes; while a greater 
irritation, not only excites ſtronger convul- 
ſions of this muſcle, but alſo a quicker re- 
petition of them. 

Wu x the ſentient principle, in conſequence 
of a painful ſenſation, does not keep irritated 
muſcles in a continued ſtate of contraction, 

but allows them to be alternately relaxed, 
ſhall be afterwards explained. 

| IF the contraction of an irritated muſcle 
were owing to the action of the /timulus upon 
it as a mere mechanical organ, then, ſo long 
as the fimulus. continued to act equably, the 
muſcle ought to remain equally contracted, 
and, upon its ceaſing, the muſcle ought to be 
relaxed, or rather the muſcle, upon the firſt 
application of the ſimulus, ought to be ſud- 
denly contracted; which contraction ſhould 


pecome weaker by flow degrees, till at length 
the 
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the muſcle had returned to its natural ſtate of 
relaxation. If a few drops of any acrid li- 
quor let fall on a bare muſcle, or the prick- 
ing with a needle, excites it into contraction, 
as a mechanical cauſe acting upon a mecha- 
nical organ; then, ſo long as the cauſe acts 
on the organ, the effect muſt continue to 
follow; and if the cauſe becomes gradually 
weaker, ſo alſo muſt the effect, till it ceaſes 
altogether, i. e. the muſcle ought not to be 
agitated with alternate convulſive motions ; 
but, after its firſt and ſtrongeſt degree of con- 
traction, it ſhould begin to loſe ſome of its 
force, and continue to do ſo, till it came a- 
gain to its natural ſtate, 

Wu moſt reſembles muſcular contracti- 
on from an irritation, 1s the falling or cloſing 
of the leaves of the ſenſitive plant after being 
touched : but this equally happens, whe- 
ther theſe leaves be touched with the ſharp 
point of a penknife, or the blunt end of a 
pencil, with a piece of ſmooth wax or rough 
Iron, with brandy or with water. Here 
there are no alternate contractions and relaxa- 
tions, as in the muſcular fibres of animals ; 


no Lan of feeling or of being peculiarly 
affected 
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affected by ſtimulating things; but all is ef. 
fected by mere contact or mechanical impulſe, 
I cannot help obſerving in this place, though 
foreign to my preſent purpoſe, that the clo. 
ſing of the leaves of the ſenſitive plant upon 
their being touched, cannot be owing, a 
ſome. have lately imagined, to the electrical 
matter iſſuing from them; ſince the touch of 
wax, Which repells this matter, makes them 
cloſe as remarkably, as that of non- electric 
bodies: nay, a piece of wax ſtrongly electri- 
fied by rubbing, made the leaves of this plant 
quickly cloſe, by attracting them to it witha m 
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conſiderable force. 
Ir it be ſaid, that the elaſtic fibres of the th 
* muſcles, or the nervous fluid contained in vc 
their cavities, are excited by a ſimulus into m 
ſtron g oſcillations, which are repeated till of 
the irritation: ceaſes, or even for ſome time at- el 


ter; I anſwer, | 
« THAT it is not eaſy to conceive how ſuch 
fiimuli as don't act by any mechanical force, 
- but merely by their acrimony, ſhould excite 
an oſcillatory motion in the ſuppoſed elaſtic f- 
bres of the muſcles, or in the animal ſpirits 


lodged in them. But not to inſiſt on this, 
6 If 
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ef, Ir the motion of our muſcles from a fi- 
le, nulus were owing to elaſtic vibrations of any 
2h kind whatever; how could the ſphinfer pu- 
lo- jille and the muſcles of the internal ear, con- 


nue uniformly and equably contracted for a 


az conſiderable time, which they never fail to 
al be, when the ſimuli affecting them act with 
of MW unvaried force? And why ought they not ra- 


ther to be agitated by a number of quickly 
repeated contractions? Nay the continued, 
uniform and equable contraction of the vo- 
luntary muſcles would be impoſſible, if their 
motion was owing to any elaſtic oſcillations. 
Ir muſcular motion from a ffimulus were 
the effe& either of the vibrations of ' the ner- 
vous fluid, or of the ſolid elaſtic fibres of the 
muſcles themſelves, the alternate contractions 


ill of an irritated muſcle, like the vibrations of 
f- elaſtic bodies, ought to follow one another 


at equal intervals, nor would they be more 
h lowly repeated as they become weaker, and 
e, were about to ceaſe; which however is the 
e caſe. A muſical chord, a bell, or any 
i- other elaſtic body, performs its vibrations in 
ts equal times, whether it be acted upon by a 

ſtronger or a weaker force; and its oſcillati- 
F | | ons 
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ons follow one another; from firſt to laſt, 
with an equal degree of ſwiftneſs: In like 
manner the elaſtic pulſes which theſe bodies 
communicate to the ambient air, ſucceed each 
other as quickly in diſtant places, where the 
ſound is faint, as in thoſe near the ſonorous 
body, where it is ſtronger. Since therefore 
the alternate contractions of irritated muſcles 
do not follow the law of the vibration of ela- 
ſtic bodies, but become remarkably ſlower 
when they decreaſe in ſtrength, and before 
they ceaſe altogether ; it follows with all the 
force of demonſtration, that they cannot be 
owing to any elaſtic vibrations excited in the 
muſcular fibres, or in the nervous fluid con- 


- tained in them. But of this more fully after- 


wards * 


2. IF it were conſtantly obſerved, that ſuch 
muſcles only as had their fibres immediately 
acted upon by a ſtimulus, were excited into 
contraction, then indeed it might be ſuſpe- 
cted with greater ſhew of reaſon, that ſuch 
motions were no more than a ji conſe- 


quence 


Vid. ſect. xiii, below on the motion of the muſcles of 
animals when ſeparated from the body. 
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quence of the mechanical action of the fi- 
mulus upon the muſcular fibres: but as we 
find the muſcles of animals brought into acti- 
on without any irritation of their fibres, 
whenever a /timulus is applied to the coats 
er membranes covering them, or to ſome 
neighbouring or even diſtant part, it ſeems 
abſurd to imagine ſuch motion owing to the 
mechanical action of the fimulus upon the 
fibres of the muſcle, and not to the impreſ- 
fon it makes on the ſentient principle. Thus 
the contraction of the ſbincter pupillæ ariſing 
from the action of light on the retina, with 
which it has no communication of nerves, 
cannot poſſibly be explained mechanically, 
but muſt be owing to ſome ſentient principle 
in the brain, which, excited by the uneaſy 
ſenſation, determines the influence of the 
nerves more copiouſly into that muſcle. The 
lame thing is alſo true of the various motions 


of the muſcles of the malleus and ſlapes from 


different ſounds ſtriking upon the auditory | 


nerve; and of the motions of the eye-lids as 
often as any thing irritates the cornea, be it ever 
ſo gently.—The contraction of the diaphragm 
and intercoſtal muſcles, in conſequence of an 

I1 uneaſy 
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uneaſy ſenſation in the lungs, muſt alſo be 
owing to the mind or ſentient principle a- 


cting at the origin of the nerves, and not to 


any change wrought mechanically upon the 
fibres of theſe muſcles, by the difficult paſ- 
ſage of the blood through the pulmonary veſ- 
ſels. The violent action of the diaphragm 
and abdominal muſcles in a teneſinus or ſtran- 
gury is to be explained in the ſame way. — 
If a ſpark from the fire, or a drop of boiling 
water, falls upon one's foot, the leg is inſtant- 
ly drawn in towards the body; but as the mu- 
ſcles employed in this action are thoſe which 
run along the thigh, and are inſerted about the 
head of the tibia, it is manifeſt that this fi- 
mulus cannot excite the muſcles into contra- 
ction in conſequence of any mechanical a- 
ction upon them: and if ſympathy of nerves, 
or continuation of membranes, fthall be al- 
ledged as the cauſe of this motion, it may be 
juſtly demanded, why the muſcles which run 
along the leg, and are inſerted into the foot, 
are not more remarkably moved thay thoſe cf 
the thigh, ſince they have a nearer connexion 
with the part to which the /f:mulus is applied; 
or why the extenſors of the leg are not brought 

equally 
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equally into action with its flexors. It re- 
mains therefore that the motion of the leg, in 
this caſe, be attributed to the pain or uneaſy 
ſenſation excited by the fire or boiling water, 
for avoiding of which the ſentient principle 
is inſtantly determined to put the flexors of 
the leg in motion, and ſo to remove the mem- 
her from the offending cauſe. Nay, where 
the fimulus is applied to the membranes or te- 
guments covering the muſcles, it ſeems high- 
ly probable, that the ſubſequent contractions 
are not owing to any change firſt made on 
their fibres: thus the convulſive motions of 
the intercoſtal and other muſcles of the trunk 
of the body, which are excited by tickling 
the ſides, muſt undoubtedly be aſeribed to the 
mind, which, in order to avoid the diſagreeable 
titillation, puts theſe muſcles in action, and 
not to any immediate influence the tickling 
can have on their fibres; otherwiſe why ſhould 
the ſame mechanical action of our own, and 
of another perſon's fingers, affect us ſo dif- 
ferently ?— Tincture of ipecacuan applied to 
che internal ſurface of the ſtomach, does not 
ſeem to produce the convulſive contractions 
of that bowel in vomiting, by immediately 

affecting 
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affecting its muſcular coat, which is defended 
by the nervous and villous ones, but by irri. 
tating its nervous papillæ, and thence affect- 
ing the mind or ſentient principle. 

SINCE, therefore, ffimuli applied, not only 


to remote parts, but alſo to the membrane 


or coats immediately covering any muſcle, 
excite it into contraction by the intervention 
of the mind; is it not reafonable to think, 
that even when the muſcles themſelves, or a 
few of their fibres, are irritated, the ſubſe- 
quent motions are owing to the mind's being 
excited, from a diſagreeable ſenſation, to de- 
termine the influence of the nerves more 
| ſtrongly into them? This, however, will (till 
further appear, if, 


3. Ws conſider, that not only an irritation 
of the muſcles of animals, or parts nearly 
connected with them, is followed by convul- 
| five motions; but that the remembrance or 
idea of things, formerly applied to different 
parts of the body, produces almoſt the fame 
effect, as if they themſelves were really pre- 
ſent. Thus the ſight, or even the recalled 
 1dea of grateful food, cauſes an uncommon 
flow of ſpittle into the mouth of a hungry per- 
N ſon; 
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ſon ; and the ſeeing of a lemon cut, produ- 
ces the ſame effect in many people.—The 
fight of a medicine that has often provoked 
vomiting, nay the very mention of its name, 
will in many delicate perſons raiſe a nauſea ; 
and they are affected much in the ſame man- 
ner when they behold any one under the vio- 
lent operation of an emetic.—The apprehen- 
fion or fear of having one's fides tickled, 
cauſes almoſt the ſame motions in the trunk 
of the body, while another perſon threatens 
or attempts it, as tickling itſelf would do, 
though in a leſs degree. 

FURTHER, That many very remarkable 
changes and involuntary motions are ſud- 
denly produced in the body by the various 
affections of the mind, is undeniably evinced 
from a number of facts. Thus fear often 
cauſes a ſudden and uncommon flow of pale 
urine. Looking much at one troubled with 
fore eyes, has ſometimes affected the ſpectator 
with the ſame diſeaſe. Certain ſounds 
cauſe a ſhivering over the whole body. — The 
noiſe of a bagpipe has raiſed in ſome perſons 
an inclination to make urine.—The ſudden 
appearance of any frightful object, will, in 

delicate 
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delicate people, cauſe an uncommon palpita. 
tion of the heart. The ſight of an epileptic 
perſon agitated with convulſions, has brought 
on an epilepſy; and yawning is ſo very 
catching, as frequently to be propagated 
through whole companies. In theſe caſes, 
the motions produced in the veſſels of the 
eyes or eye-lids, in the heart, ſtomach and 
bladder, in the ſecretory tubes of the falivary 
glands and kidneys, in the muſcles employed 
in yawning, &c. cannot be owing to the me- 
chanical action of the cauſes above mentioned 
upon the fibres of the parts moved : for 
what particular connexion is there between 
the optic and auditory nerves, and thoſe 


which ſerve the heart, ſtomach, bladder of 


urine, mouth, ſalivary glands, and the mu- 
ſcles which depreſs the lower jaw and move 


the trunk of the body? All the nerves don't 


at laſt terminate in a point, but in a large 


ſpace of the brain; wherefore the conſent | 


between them cannot be deduced from their 
contiguity, but muſt be owing to a ſentient 
PRINCIPLE, Whichis preſent AT LEAST where- 
ever the nerves have their origin, and which, 


accordingly as it is variouſly affected, produ- 
ces 
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ecs motions and changes in different parts of 

the body. | 
Ir then external cau'es affecting the brain, 
do, by the intervention of the mind or ſen- 
tent principle, produce remarkable changes 
in the muſcles of ſpontaneous as well as of 
voluntary motion; and if the idea of a ſlimulus 
has in many caſes almoſt the ſame effect as 
the thing itſelf; is it not highly reaſonable 
to think, that ſtimulating things applied to 
the muſcles of animals excite them to con- 
tract, not by any immediate mechanical action 
upon their fibres, not by cauſing an unintel- 
ligible exploſion or efferveſcence, or exciting 
ſtrong vibrations in any ethereal or electrical 
matter ſuppoſed to be lodged in theſe fibres 
or their nerves ; but by diſagreeably affecting 
the ſentient PRINCIPLE, in conſequence of 
which it determines the influence of the 
nerves more copiouſly into the fibres of the 
muſcle ſtimulated. And there is the leſs 
reaſon to heſitate in admitting this doctrine, 
lince the various phenomena juſt now recited 
ſeem undoubtedly to prove the preſence, a- 
gency and very extenſive influence of $0ME- 
THING in the bodies of animals, of a nature 
different 
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different from, and of powers ſuperior to 
mere matter, however modified, compounded 
or arranged. 

Ir ſlimuli excite the muſcles of animals in- 
to contraction by acting upon them, rather 
as ſentient than mere mechanical or materi. 
al organs, it is eaſy to ſee, why the mildeſt 
aliment is apt to excite vomiting when the 
coats of the ſtomach are: inflamed, and 
why the heart is agitated with violent con- 
vulſions and palpitations as often as itſelf, or 
even the pericardium, is affected with any 
degree of inflammation. In theſe caſes the 
ſtomach and heart are rendered extremely 
ſenſible and impatient of any irritation; 
whence the ſfimuli which were in ule to affect 
them very gently, now excite them into vio- 


lent convulſions. 


IT has been obſerved above, that muſcles 
whoſe fibres have a /ftimulus applied to them, 
don't remain contracted for any conſiderable 
time, but are agitated with alternate contra- 
ctions and relaxations. Thus any of the 
muſcles of the eye, by irritating their ten- 


dinous fibres with the point of a file, are ſet 


a beating almoſt like the heart of an ani- 
mal 
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o mal affected with ſtrong palpitations . But 
1 BY in muſcles whoſe contraction is owing to the 

action of a ſimulus upon* ſome diſtant ot 
- veighbouring part, there is a diverſity obſer- 
reed; ſome of them being uniformly contract- 
ed while the irritating cauſe laſts, others al- 
t WM ternately contracted and relaxed: thus the 
« WM :&ion of light and ſound upon the retina and 
1 Wl auditory nerves, produces an equable conſtant 
contraction of the phinfer pupillæ and mu- 
1 ſeles of the internal ear; while an irritation of 
y the memibrane of the noſe and trachea is fol- 
+ WH lowed by alternate convulſive motions of the 
wuccles of reſpiration, and a titillation of the 
inferior extremity of the gullet, by repeat- 
ed contractions and relaxations of the dia- 
N 


phragm. | | 
p K k THesE 


8 * Dr. Senac has fallen into a great miſtake with reſpect 
to this matter, when he affirms that an irritation makes the 
| muſcles of living animals only perform one contraction, al- 
e though the ſame cauſe produces many repeated contra- 
5 dions in the muſcles of thoſe that have been newly kill- 

ed +; for, beſides the inſtance of the muſcles of the 
e eyes here mentioned, the heart of an animal is obſerved to 
f be agitated with violent and quickly repeated convulſions 

when it is pricked with a ſharp inſtrument immediately up- 
t on opening the thorax; and, if any other muſcle of a 
I living animal be laid bare, it will, by irritating its fibres 
or 
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THEsE very different effects of imuli on gif. 
ferent muſcles and organs of the body, which 
I may venture to pronounce altogether inex- 
plicable upon any mere mechanical theory, 
are eaſily accounted for from the principle 
already laid down: for if the contraction of 
an irritated muſcle be owing to the uneaſy ſen. 
fation excited by the ſimulus, as often as the 
firſt contraction does not remove this, the mu- 
{cle will be agitated with alternate convulſions, 
as being moſt proper to throw off the irri. 
tating cauſe. If indeed, by the firſt contra- 
ction, the diſagreeable ſenſe of irritation be 
quite removed, no further motion follows; 

but 


or membranes, be brought into alternate contractions. A 
ftimulus therefore applied to the muſcles of animals excites 
them, if it be any way conſiderable, into alternate repeat- 
ed contractions, whether the animals be alive or newly kill- 
ed; only the convulſions in the former caſe are ſtronger 
and more remarkable than in the latter. Nay, it will be 
difficult to reconcile this ſuppoſed difference in the effect 
of an irritation on the muſcles of living and newly killed 
animals, with the principle which the Dr. himſelf lays 
down, namely, that the contraction of an irritated muſcle 
is owing to the reaction of the animal fpirits lodged in its 
fibres, in conſequence of the action or impreſſion of the fim- 
tis upon them ; for there does not appear any reaſon why the 
reacting power of the animal ſpirits ſhould continue to 
exert itſelf longer or more remarkably in the muſcles of 
dead animals, than in thoſe of living ones. 
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but if it ſtill remains, new convulſive contra- 
ions ſucceed, and continue to be repeated 
alternately, till the /:mulus either ceaſes en- 
tirely, and is no longer felt, or becomes too 
weak to produce a new contraction. But 
where the contraction of any muſcle cauſed 
by the action of a /{imulus on a neighbouring 


part, would, if it was alternate, neither tend 


to remove the irritation, nor render the mind 
leſs ſenſible of it, there no ſudden relaxa- 
tion follows, but the muſcle remains equably 
contracted as long asthe ſtimulating cauſe con- 
tinues the ſame. Let us now ſee how this 
general doctrine can be applied to the different 
ſpontaneous motions of animals. 

Tux alternate contractions and relaxations 
of the muſcles of reſpiration in ſneezing, are 
moſt wiſely adapted to remove the irritating 


cauſe from the membrane of the noſe, and 


to leſſen the uneaſy ſenſation ariſing from it: 
if, by the air firſt ſtrongly inſpired, and im- 
mediately after more forcibly expelled through 
the noſe, the ſtimulus affecting its nerves be 
removed, no new contraction enſues; if not, 
the action of ſneezing is ſtill repeated, till the 
titillation in the noſe ceaſes, or becomes too 
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weak to produce a new convulſion. In ſnee- rup 
zing, inſpiration is only performed in order ta Ml 1:5 
make way for the ſucceeding violent expira- wh 


tion, which moſt effectually removes the un- ſing 
eaſy ſenſation or irritating cauſe ; at the ſame lun 
time the ſtrong and ſudden contraction of the ed 
inſpiratory muſcles, acts partly as a kind of l 
ſtimulus in exciting the ſubſequent convulſive the 


motion of the expiratory ones. The al- int 
ternate contractions of the diaphragm in the not 
hiccup, and of the muſcles of reſpiration in has 
coughing, evidently tend to remove or leſſen ting 
the uneaſy ſenſation in the gullet and zrachea, 2 
and are therefore not continued, but interrupt- I con 
ed by alternate relaxations. On the other tati 
hand, a ſtrong irritation of the inteſtinum re- mu 
Hum, from too great a quantity of excrement, mai 
cauſes a continued contraction of the abdomi- wh 


nal muſcles and diaphragm, becauſe 1n this app 
caſe the contraction of theſe muſcles has no trac 
effect to leſſen the uneaſy ſenſation, till the act. 
faces are expelled. Tis true indeed that when ¶ and 
one is coſtive, ſeveral efforts af the diaphragm leſs 
and abdominal muſcles are required before we 
any of the excrement is expelled ; but the ue 
action of theſe muſcles is in this gaſe inter- 

| rupted, * 
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rupted, not on account of the irritation in the 
rectum, but in order to carry on reſpiration, 
which cannot long be interrupted without cau- 
ſing a moſt uneaſy ſenſe of ſuffocation in the 
lungs, by which we are more ſtrongly affect. 
ed than by the ſimulus of the faces. 

Tux cauſes which produce the erection of 
the penis * though they be generally excited 
into action by the /timulus of the ſeed, yet do 
not act by alternate fits, becauſe the erection 
has no immediate effect to leſſen the ſtimula- 
ting cauſe: but the contraction of the muſculz 
gaculatores ſeminis is alternate, becauſe by each 
convulſive motion, the ſemen, i. e. the irri- 
tating cauſe, is expelled. The orbicular 
muſcle of the wvea, and the muſcles of the 
malleus and flapes, remain equally contracted, 
while the ſame degree of light and ſound is 
applied to the eye and ear, becauſe their con- 
traction does not hinder theſe cauſes from 
acting uniformly and equably upon the retina 
and auditory nerve; but no ſooner is more or 
leſs light applied to the eye, or a ſtronger or 
weaker ſound to the ear, than theſe muſcles 
ue more contracted or ſomewhat relaxed. — 


With 


dect. vi. No 4. above, 
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With reſpect to the heart, as the returning 
blood or irritating cauſe is alternately recei- 
ved into its cavities and expelled out of them, 
it is eaſy to ſee why it ſhould, like the gacu- 
latores ſeminis, be agitated with regular alter. 
nate contractions. And as by the ſy/tole of e- 
very ſmall portion of the guts, the air, ali- 
ments, &c. are puſhed into the ſucceeding 
ones, the motion here muſt alſo be alternate; 
only not ſo equable and regular as in the heart, 
where the alternate action of the irritating 
cauſe is more uniform and unvaried, 
WHEN the fibres of a muſcle are irritated, 
by tearing them with a ſharp inſtrument or 
otherwiſe, a ſtrong convulſive contraction in- 
ſtantly enſues; which is ſuddenly followed 
by a relaxation, becauſe an uniform continued 
contraction would not be ſa well fitted to 
drive off the offending cauſe from the mu- 
{cle as alternate contractions and relaxations : 
and we are ſo framed by the all-wiſe Au- 
THOR of nature, as ſpontaneouſly, and with- 
out any previous reflexion, to perform theſe 
motions and actions which tend moſt effectu- 
ally to the preſervation of our bodies. It is 


probable, however, that — alternate relaxa- 
tions 
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tions of irritated muſcles may be owing to 
> BM the uneaſy ſenſation's being ſome way leſſened 
by each contraction *, on account of which, 
f the ſentient PRINCIPLE, as being now leſs af- 
ſected, immediately allows the muſcle to be 
relaxed. This is manifeſtly the caſe in the 
hiccup, where the convulſions of the dia- 
phragm weaken or ſuſpend, for ſome little 
time, the ſenſe of irritation in the inferior 
extremity of the gullet. The relaxations, 
however, of ſtimulated muſcles do not laſt for 
g any conſiderable time, but are quickly ſuc- 
ceeded by new contractions, becauſe the pain- 
|; ful ſenſation ſoon begins again to affe& the 
mind more ſtrongly : but as the irritation be- - 
comes gradually weaker, theſe alternate contra- 
ctions will not only grow feebler, but ſucceed 
one 


. If any one doubts that the diſagreeable ſenſation, ex- 
| cited by the irritation of a muſcle, will be leſs ſenſibly per- 
ceived during its contraction, let him conſider that brutes, 
by the motion of their panniculus carnoſus, not only drive 
off moſt effectually flies and other inſects which vex them, 
but, by the very action of this muſcle, ſeem to be rendered 
- leſs ſenſible of the tickling, — That friction of a part leſſens, 
inthe mean time, any itching or painful ſenſation in it. And 
that people, whoſe bodies are uneaſy, often —— 
5 becauſe during the motion of the parts neceſſary to this 
change they are leſs ſenſible of the uneaſineſs. 
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one another more ſlowly ; for while the irri- 
tation is ſtrong, the muſcle is no ſooner re- 
| laxed, than its contraction is immediately re- 
newed: whereas a weaker ſimulus requires 
a longer time to operate, before it cauſes ſuch 
an uneaſy ſenſation as is required to produce 
a convulſive contraction of the part. Thus 
when the 7horax of a living animal is laid o- 
pen, and the heart is pricked with a ſharp 
inſtrument, its contractions are greatly quick- 
enced ; nay, they return ſo frequently, that, 
during their remiſſion, very little blood enter} 
the ventricles. Hence the ſides of the heart 
| make very ſmall motions at firſt, nor are ever 
fully dilated, their contractions being repeat- 
ed almoſt as ſoon as their digſfole begins; but 
when the impreſſion of the ſlimulus begins to be 
weakened conſiderably, the contractions and 
relaxations of the heart being performed more 
ſlowly, the blood has time to dilate the ven- 
tricles more, whoſe ſides, therefore, now 
make larger and more ſenſible motions. 
From what has been ſaid, it is eaſy to ſee, 
why, if the blood be rendered acrid, or the 
heart much more irritable than uſual, the 
pulſe becomes ſmall, fluttering and quick. 
WuHILE 
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WHILE therefore the voluntary muſcles, 
which are contracted in conſequence of an 
effort of the will, remain in that ſtate as long 
as the will continues to determine the influence 
of the nerves into their fibres; irritated mu- 
ſeles, whoſe contraction is owing, not to will 
or choice, but to an uneaſy ſenſation, are en- 
tirely regulated by this; and as each contra- 
ction tends to leſſen the diſagreeable perce- 
ption, they will be agitated with alternate con- 
vulſions. | 

Uro the whole, as nature never multiplies 
cauſes in vain, it ſeems quite unphiloſophical 
to aſcribe the motions of the muſcles of ani- 
mals from a ſtimulus to any hidden property 
of their fibres, peculiar activity of the ner- 
vous fluid, or other unknown cauſe ; when 
they are ſo eaſily and naturally accounted for, 
from the power and energy of a known ſen- 
tient PRINCIPLE: 


LI S-E C T. 


266 Of the VITAL and 


SEC 


Of the ſhare which the mind has in producing 
the vital and other involuntary motions of 
animals, 


HAT all the motions of animals were 
by ſome of the antient philoſophers a- 
ſcribed to the energy of a living principle 
wholly diſtinct, as to its nature, from the 
body, the paſlage of Cicero prefixed to this 
Eſſay clearly ſhews. And it was the difficulty 
of accounting for the motion of the heart 
from mechanical principles alone, which 
made no leſs a Philoſopher among the mo- 
derns than Borel; doubt, whether it were 
not rather owing to the mind, than to any 
natural neceſſity ariſing from the ſtructure of 
this organ or its nerves x. The great Mr. 
Leibnitz, in a letter to Michelloti, goes ſtill fur- 
ther, and ſuppoſes that the natural motions 
may be owing to ſome impreſſions made on 
the mind, although we are no way conſcious 
of 


* De motu animal. part. 2. prop. 79. & 80. 


* 
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of theſe *. It is true Dr. Stahl, by extendin g 
the influence of the ſoul, as a rational agent, 
over the body a great deal too far, and thus 
carrying this doctrine beyond all reaſonable 
bounds, has been the occaſion, why it has 
rather for many years been looked upon 
as a ſubject of ridicule, than deſerving a ſeri- 
ous and rational anſwer. However, that the 
motion of the heart and circulation of the 
blood, are altogether inexplicable upon prin- 
ciples purely mechanical, there are arguments 
a priori which ſeem to demonſtrate . But, 
as this kind of reaſoning is apt to render us 
too preſumptuous, and frequently betrays 

us 


* Michellot. de ſeparatione fluidar. p. 351. 

Indeed, ſtrictly ſpeaking, it is inconſiſtent with Mr. 
Leibnitz's principles to aſcribe any of our motions, either 
voluntary or involuntary, to the mind; fince, according to 
his pre-eſtabliſhed harmony, the ſoul neither acts on the 
body, nor is affected by the impreſſions of external objects, 
This ingenious fable, however, which novelty, I ſuppoſe, 
at firſt recommended, has been ſo fully refuted by Mr. 
Bayle and others, as to make it needleſs for us to attempt 
to ſhew its weakneſs : but we cannot help obſerving, that 
it is matter of wonder how a doctrine, which explains no- 
thing, and is loaded with ſo many difficulties, ſhould ſtil} 
have any advocates. 


+ See Edinburgh Medical Eſſays, vol. 4. art. 14. where 


an argument of this kind is propoſed with great ſtrength 
and perſpicuity by my ingenious friend Dr. Porterfield. 
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us into error and miſtakes, we ſhall further 


endeavour to vindicate this opinion from 


the moſt plauſible objections which may be 
brought againſt it; and at the ſame time ſhew 
by a variety of arguments d poſterior, chict- 
ly of the analogical kind, that the vital, as 


well as the other involuntary motions of ani- 


mals, are directly owing to the immediate 
energy of the mind or ſentient principle. 
Tur chief power propelling the blood 
through all the veſſels of the body, is the 
contraction of the heart. But from Dr. 
Hales's experiments it appears, that, in every 
circulation, the blood loſes , of the momen- 
tum communicated to it by the left ventricle 
of the heart * ; wherefore, there muſt be in 
every animal ſome cauſe, which repairs this 
loſs of motion ariſing from friction, Cc. 1. e. 
a cauſe generating motion: but, as has been 
obſerved above, matter, in its own nature 
inert, 1s incapable of this. Further, ſuch a- 
nimals as lie in a dead inactive ſtate during 
the cold winter-ſcaſon, and whoſe blood 
has loſt all its motion, may at any time be re- 
ſtored to life by warmth, which rarifying 


their 
* Statical Eſſays, vol. 2. 


of 
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their ſtagnating fluids, and communicating 
to them a ſmall degree of inteſtine motion, 
excites the heart into action; whoſe motion, 
though it be at firſt very languid, yet gradu- 
ally gains ſtrength, till at laſt it arrives at its 
wonted vigour. As, in this caſe, the renewal 
of the heart's motion, and its gradual increaſe, 
cannot be explained from any mechanical 
principles; ſince we have not only a cauſe 
producing an effect greater than itſelf, but alſo 
an effect increaſing by degrees, and, as it 
were, of its own accord : it follows, that there 
is in theſe animals ſome living principle, which 
being, by the /fimulus of warmth, rouſed, as 
we may ſay, out of a ſtate of indolence, brings 
into gentle contractions the ſinus vengſi, au- 
ricles and ventricles of the heart; which are 
parts of the body moſt ſenſible of the irrita- 
tion of the fluids when rarified and agitated 
by heat. 

THe contraction of the heart, ſo far as it is 
owing to a material cauſe, ſeems to proceed 
from the derivation of the nervous influence 
into its fibres: but as, perhaps, t part 
of the blood thrown out by the left ventricle 
of the heart, does not return to it again in 

the 
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the form of vital ſpirits, as they are called ; ang 
as the motion of this fluid muſt be incredibly 
diminiſhed by its paſſage through the vaſtly 
ſubtile veſſels of the cerebellum, Cc. there can 
be no force in theſe ſpirits derived from the 
laſt /y/ole of the heart ſufficient to produce a 
new contraction of this muſcle, ſince no cauſe 
can generate an effect greater than itſelf, 
AGAIN, The human body, in which there 
is no mover that can properly be called 
- FIRST, or whoſe motion depends not on ſome. 
thing elſe, is a ſyſtem far above the power of 
mechanics. The contraction of the heart is 
indeed the cauſe of the blood's motion, and 
conſequently of the ſecretion of the ſpirits 
(as is ſuppoſed) in the cerebellum, &c, ; but 
without theſe ſpirits, this action of the heart 
could not be performed: theſe two caules, 
therefore, truly act in a circle, and may be 
confidered mutually as cauſe and effect. 
Whence it is incumbent on thoſe Philoſophers 
who aſcribe the heart's motion to mechanical 


cauſes alone, to demonſtrate the poſſibility of 


a perpetuum mobile, ſince, as long as life laſts, 
an animal is really ſuch. But as a perpetual 


motion is, in the opinion of the abieſt Phi- 
| _—_ 


ether IxRvoLunTARY MoTlons, 271 


loſophers, above the powers of mechaniſm, 
and inconſiſtent with the known laws of mat- 
ter and motion *, we muſt be allowed to 
conclude, that the contraction of the heart, 
and the propulſion of the blood through the 
body, and conſequently the continuance of 
life, are not owing to any mechanical or even 
material cauſes alone, but to the energy of a 
living principle capable of generating motion. 

How far the mind is really concerned in 
the motion of the heart, may eaſily appear 
from what has been already offered in the 
preceding Sections; where, I hope, it has 
been ſhewn, beyond all doubt, that the con- 
traction of the heart is owing to the return- 
ing venous blood acting as a ſlimulus upon it, 
as well as made highly probable, both from 
reaſon and analogy, that a fimulus excites 
our muſcles into motion, only as they are ani- 
mated by a ſentient principle. Whence it 
muſt follow, that the alternate contractions 
of the heart are in no other ſenſe owing to 


the irritation of the returning blood, than as 
the 


Ex calculo mechanico liquet omnem de motu per- 
< petuo quæſtionem ed redire, ut inveniatur pondus ſeipſo 
** ponderofius, vel vis elaſtica ſeipſa fortior.” Clarkii not. 
in Rohault. phyſic. & 1, cap. 22. 


* cc 


— — 
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to external cauſes acting at particular times 
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the mind or ſentient principle is, by this, ex. 
cited to determine the influence of the nerves 
more copiouſly into its fibres. 

Tris doctrine of the alternate contraction 
of the heart being owing to the power of the 
mind, excited into action by the ſtimulus of 
the returning venous blood admitted into its 
cavities, is greatly ſtrengthened by the ac- 
count we have given of the alternate motions 


of reſpiration, of the contractions of the mu- 


ſcles of the intertial ear and of the pupil. 
Theſe we have clearly ſhewn to proceed from 
the mind, as affected by a ſimulus, and to be 
altogether inexplicable upon principles mere- 
ly mechanical. The firſt of theſe motions 
(vi. reſpiration) agrees with that of the heart, 
in being performed whether we attend to it 
or no, and whether we ſleep or are awake; 
though it differs from the heart's motion, in 
being partly under the dominion of the will. 


The motions of the iris from light, and of 


the muſcles of the ear from various ſounds, 
differ from thoſe of the heart, both as they 
are not vital, nor continually and alternately 
excited by cauſes within the body, but owing 


on 
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on the organs of fight and hearing: theſe 
muſcles, however, exactly agree with the 
heart in this, that their motions are altoge- 
ther involuntary, and cannot be controuled 
by any immediate effort of the will. Since 
then, in the muſcles of reſpiration, we have 
an inſtance of a vital, though not altogether 
involuntary motion, proceeding from the 
mind; and, in the muſcles of the wvea and 
ear, examples of motions, which, though 
not vital, are yet wholly involuntary, owing 
to the ſame cauſe; may we not, if it be in 
the leaſt allowable to argue from analogy, 
fafely conclude, that the contraction of the 
heart, which is both vital and involuntary, is 
ultimately to be referred to the ſentient prin- 
ciple excited to put this muſcle in motion by 
the irritation of a material cauſe acting upon 
it alternately? What has been ſaid of the 
motion of the heart, as proceeding from the 
mind, is equally applicable to the periſtaltic 
motion of the ſtomach and inteſtines, and to 

the reft of the vital or involuntary motions. 
ALTHOUGH what has been already offer- 
ed, might be ſufficient to ſhew, that all the 
Mm motions 
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motions of animals, involuntary as well 4 
voluntary, are ſome way owing to the mind; 


. yet as this doctrine may appear to ſome, who 


have always been uſed to think in a different 
way, as beſet with many difficulties; and 
as there may not be wanting thoſe, who are 
unhappily more tenacious of received opi- 
nions than willing to embrace ſuch as are 
true; we ſhall briefly obviate ſome of the 


ſtrongeſt objections, which, at firſt ſight, 


ſeem to lie againſt it; and this we ſhall do 
the more willingly, as an opportunity will 
hence be afforded us of illuſtrating, till fur- 
ther, the nature and cauſe of the — 
- motions of animals. 

Objefion I. Ir may be ſaid, that, while 
we aſcribe the vital and other involuntary mo- 
tions of animals to the mind, we, in fact, 
attribute them to a power, whoſe nature and 
manner of acting we are ignorant of “. 

Anſwer. THAT there is united to the bo- 
dies of men and animals an active, living, 
ſentient principle, which is the cauſe of vo- 
luntary motion, it may be hoped there are 
few Philoſophers, now a-days, ſo MInuT? 


as 


* Senac Traits du coeur, vol. I. p. 441. & 445. 
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I 2s to deny: and, if it be thought no abſurdi- 


ty to aſcribe voluntary motion to the energy 
of the mind, though we do not underſtand 
its nature or manner of operation, why ſhould 
it be reckoned ſuch, to derive the vital and o- 
ther involuntary motions from the ſame ſource; 
eſpecially, when a variety of phenomena and 
the ſtrongeſt analogy concur in ſupporting 
this opinion ? That there 1s ſuch a thing as 
gravity, or attraction betwixt the parts of 
matter, 1s a thing not to be doubted of, be- 


cauſe we ſee its effects, though its cauſe be 


unknown : and, if Philoſophers make uſe of 
this power every day, with the greateſt juſtice, 
in order to explain the phenomena of nature, 
why ſhould it not be thought equally reaſon- 
able to have recourſe, in accounting for the 
motions and actions of an animated body, to 
the power and energy of the mind, which 
we are ſure is always preſent with it, and in 
numberleſs inſtances operates upon it? In an 
attempt to account for the ſurpriſing operati- 
ons and effects of an inanimate machine, it 
would be thought highly ridiculous to have 
recourſe to the agency of an immaterial living 


principle: and muſt it not be equally fo, to 
baniſh 
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baniſh the conſideration of mind in explaining 
the phenomena of an animated ſyſtem; or ta 
endeavour to deduce its moſt remarkable mo- 
tions from the mere material part? 

THERE is no need of underſtanding the 
nature of the ſoul, or the way in which it 


acts upon the body, in order to know that the 


vital motions are owing to it: it is ſufficient, 
if we know from experience, that it feels, is 
endued with ſenſation, and has a power of 

moving the body “. | | 
EveRy attempt hitherto made towards de- 
ducing the vital motions of animals from 
powers wholly material, has been unſatisfa- 
ctory; and, I may venture to ſay, will be for 
ever vain : ſince it has not only been proved, 
that they are above the force of mechaniſm, 
but alſo that the ſuppoſition of any mere ma- 
Fe lf | terial 


*The reader will eaſily perceive, that the objection a- 
gainſt deriving the vital motions from the mind, becauſe 
we are not fully appriſed of its nature and manner of act- 
ing, may be retorted with double ſtrength upon thoſe, why 
aſcribe the contraction of the heart to ſome latent power 
in it, or to the oſcillations of an unknown fluid ſuppoſed 
to be lodged in its fibres and nerves *. 


® Fenac txaite du coeur, vol. 1. p. 434. & 452. 


—_—- 


C 


other InvoLunTARY MoTions, 277 


terial power's being their cauſe, is by no means 


ſuitable to the phenomena we obſerve. Nor 

can I conceive the reaſon why Phyſicians have 

laboured ſo long in accounting for the action 

of the heart and other vital motions of ani- 
mals, from the powers and properties of body 
independent of mind: if it be not, that in 
ſome, the leaven of Carteſianiſm ſtill conti- 
nues to work; in others, a too great fondneſs 
for mechanical reaſoning in Phyſiological mat- 
ters; and in both, a contempt of the extra- 
vagant flights of Stahl and his followers, with 
regard to the manner in which the mind re- 


gulates all the actions of the body &. 
Many 


* I have not met with any author, who has embraced 
the STAHLIAN doctrine with leſs reſerve, or carried it 
to a more ſurpriſing height, than Dr. Nicholls, in his ele- 
gant Prælection de Anima medica. According to him, the 
oul at firſt forms the body, and governs it ever after, car- 
rying on and regulating all its vital and natural motions ; 
diſtributing the fluids with greater or leſs force to its ſeveral 
parts, — exciting in them, from time to time, ſuch com- 
motions and changes, as ſhe ſees moſt proper for removing 
their various — aſcribes it to the prudence of 
the ſoul, that the ſemen is not perfected in males, till the 
body hath acquired ſtrength and vigour ſufficient for the 
work of generation: and he finds a wonderful inſtance of 
her ſagacity, in the ſlow and gradual eruption of the ſmall- 
pox; as the force of the diſeaſe is hence divided, and its 
danger greatly leſſened. When the body is diſordered, 
or 
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Many Philoſophers have ſuppoſed two dif. 
tin& principles in man; one of which has 
been called the anima, or foul ; the other, the 
enimus, or mind: by the former, they under- 


ſtood 


or exhauſted with fatigue, the ſoul frequently hides her- 
ſelf in ſleep, and retires from external things, in order 
that ſhe may be more at leiſure to recruit the body, or to 
rectify what has happened amiſs in it; and hence the 
inclination to ſleep after child-bearing : hence, alſo, the 
frequent ſleeping of infants ; whoſe anima, it«ſeems, is ſo 
taken up with directing and governing the vital moti- 
ons, that it has little time to attend to any thing elſe. — 
'Fhe ſoul, however, ſeems to neglect, in a great meaſure, 
this province, as often as ſhe is too much diſtracted with ex- 
ternal things; and hence it is, that health is ſo much im- 
paired by fear, ſorrow, love, and other more violent paſ- 
ſions: nor is ſhe without her wilful and froward fits ; as 
appears from her ſending the milk back into the blood trom 
the breaſts of pregnant women, whoſe fetuſes ſhe had 
only fancied were ſuddenly dead, and from her not deri- 
ving into them again thoſe nouriſhing ſtreams, when living 
children are really born; as if, for her part, ſhe had rather 
they were ſtarved, than that ſhe herſelf ſhould ſeem to have 
been under miſtakes. In fevers, the ſudden failing of the 
ſtrength and pulſe ought, we are told, to be regarded by 
us as ſigns of the deſpairing ſoul's diſcontinuing her care 
of the body, and being ſoon about to relinquiſh it : nay, 
ſometimes, like a mean and filly coward, the ſinks even 
under ſuch diſeaſes, as, in their own nature, are not at all 
deadly; and, through falſe alarms, ſhe is either thrown in- 
to a great hurry and trepidation, which urges her to make 
- wild work of it, and to do much miſchief ; or elſe ſhe be- 
comes very backward and remiſs in her endeavours to pre- 
ſerve the body, and, as if it were a FIELD not worth keep- 
ing, fooliſhly deſerts it: though, were ſhe but always wiſe 

enough, 
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food the principle of life and ſenſe influen- 
cing the vital motions ; and by the latter, the 
ſeat of reaſon or intelligence. According to 
them, we have the anima, or vital and ſen- 

| tient 


enough, and, neglecting things of leſs moment, were ſolely 
intent on the preſervation of the body, ſhe could, if we may 
believe the Doctor, not only prevent diſeaſes, as far, at leaſt, 
as they proceed from internal cauſes, but protract alſo the 
life of man, it may be, to a thouſand years: a TERM 
greatly beyond what the ApEPTs promiſed themſelves 
trom their aurum potabile, or UNIVERSAL REMEDY | 

But, as this account of the agency of the ſoul, and of 
its power over the body, ſcarcely ſeems to demand a ſeri- 
ous anſwer, I ſhall only obſerve, that to imagine the ſoul 
ſhould, with the wiſeſt views and in the moſt ſkilful man- 
ner, at firſt form the body, (a work far above the utmoſt 
efforts of human art and contrivance ! ), and afterwards, 
when it is diſordered, ſhould, with the ſame ſkill and wiſ- 
dom, orten remedy the evil, and reſtore it to a ſound ſtate; 
but finding it in the end, or ſometimes ſuſpecting it only, 
to be no longer tenable or comfortable, ſhould, inſtead of 
repairing, either whimſically or wiſely deſert it: to con- 
ceive, I ſay, of the ſoul as performing all this, without, in 
the mean time, being conſcious of ſuch intentions, or of 
the exertions of its power in purſuance of them, is at leaſt 
a5 great a ſtretch of fancy, as to ſuppoſe, that an able ar- 
chitect might raiſe a ſtately edifice, in which — * 
be wanting that could contribute either to its uſefulneſs or 
ornament; that he might frequently make good ſuch da- 
mages as it ſuſtains from the weather, or from the decay 
of any of its materials ; and at laſt, apprehending it to be 
in danger of falling, might abandon it; without being at 
all aware of ever having once exerciſed, either his {kill in 
contriving, erecting, and repairing it, or his prudence in 
quitting it, when, as he thought, it was ready to bury lug 
mn its rulns, = 
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tient ſoul, in common with the brutes ; but 
the animus, or mens, Which is of a more ex- 
alted nature, is proper to rational creatures 
alone *. ; 

Sou modern Materialiſts have imagined 
the anima to be no other than a more ſubtile 
kind of matter lodged, chiefly, in the brain 
and nerves, and circulating with the groſſer 
fluids. But ſuch ſpirits, or ſubtile matter, can 
no more be acknowledged the vital principle 
-or ſource of animal life, than the blood from 
which they are derived; and ſtill with lef 
reaſon can this material anima be ſuppoſed en- 
dued with ſenſe, ſince matter, of itſelf, and 
unactuated by any higher principle, is equal- 
ly as incapable of ſenſe or perception, plea- 
ſure or pain, as it is of ſelf- motion. Indeed, 
a few authors have run even ſuch lengths, as 
to ſuppoſe the very animus, or rational ſoul 
itſelf, material : but ſurely the powers and 
faculties of the mind are not to be found in 
matter, or in any of thoſe principles, or ele- 
ments, whereof either the antients or mo- 

: derns 
* Indulſit communis conditor illis 


 Tantum animas, nobis animum quoque. 


JUVENAL, Sat. 15. lin. 148, & 149- 
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derns have imagined it to conſiſt: fire itſelf, 
the moſt ſubtile and activè among theſe, be- 


ing as incapable of thought and reflexion, as 


water or earth, the moſt ſluggiſh *: and in 
what manner ſelf- motion, ſen'e or reaſon can 
poſſibly reſult from the figure, connexion, fi- 
tuation or arrangement of the various parts 
of the body; (without ſuppoſing a mind) is 
a point which the abettors of Materialiſm, to 
their confuſion, will never be able to clear up. 
As I cannot therefore agree with thoſe, who, 
in aſcribing all our powers to mere matter, 
ſeem willing to deprive us wholly of mind; 
ſo neither, at the ſame time, do I ſee any rea- 
ſon for multiplying principles of this kind in 
man: and, therefore, I am inclined to think the 
N n anima 


* Animorum nulla in terris origo inveniri poteſt. 
“Nihil enim eſt in animis mixtum atque concretum, aut 
« quod ex terra natum atque fictum eſſe videatur: nihil 
tene aut humidum quidem, aut flabile aut igneum. His 
« enim in naturis nihil ineſt, quod vim memoriæ, men- 
© tis, cogitationis habeat, quod et præterita teneat, et 


« futura provideat, et complecti poſſit praſentia”. Ci- 


cers in Tuſculan. diſput. lib. 1. 

See alſo, in proof of the immateriality of the ſoul, 
Dr. Sam. Clarke's defences of his letter to Mr. Dodwell, 
where Perſpicuity, Metaphyſics, and ſound Philoſophy, 
are happily united. 

+ * Membrorum verd ſitus et figura corporis, vacans 


* animo, quam poſſit harmoniam efficere non video”, 


Cicerm, Tufculan. diſput. lib. 1. 
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anima and animus, as they have been termed, 


or the ſentient and rational ſoul, to be only 
one and the ſame principle acting in different 
capacities. Nay, Epicurus himſelf, according 
to Lucretius, did not look upon theſe two as ſe- 
parate beings, but regarded the mind as a kind 
of mouvement produced by the anima or ſoul *. 
THrarT the involuntary motions in man are 
not owing to a principle diſtinct from the ra- 
tional mind, ſeems evident, from the muſcles 
and organs, whoſe action has been generally 
aſcribed to the anima, being, in many caſes, 
ſubject to the power of the animus or rational 
principle; as well as, on the other hand, from 
the motions of the voluntary muſcles often 
becoming involuntary, or independent upon 
the will. Thus the diaphragm, whoſe mo- 
tions in the hiccup are altogether involuntary, 
and in ordinary reſpiration go on without our 
conſciouſneſs of them, is nevertheleſs ſubject 
to the immediate influence and direction of 
the mind; fince its motions in breathing can, 
by an effort of the will, either be augmented 
| or 

* Nunc animum atque animam dico conjundta teneri 


Inter ſe, atque unam naturam conficere ex fc. 
LUCRET, lib. 3, verſ. 137. & 335. 
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or leflened, retarded or accelerated. The 
evacuation of the inteſtinum rectum and uri- 
nary bladder, which, when, the ſimulus is 
gentle, is in part voluntary, becomes alto- 
gether involuntary and convulſive, when the 
irritation is greater. The eye-lids, which the 
mind ſeems to have a full power over, move, 
commonly, not only without our attention 
but, in ſome caſes, even againſt every effort 
of the will to the contrary.—The action of 
the acceleratores urine is voluntary in expel- 
ling the laſt drops of urine; but in expelling 
the ſemen, it is involuntary.—The contraction 
of the pupil, which, in order to diſtinct viſi- 
on, is voluntary, becomes altogether involun- 
tary when owing to the light. In ſhort, 
there is not a voluntary muſcle in the body, 
whoſe motion does not become involuntary, as 
often as it is either directly, or from its con- 
ſent with ſome neighbouring part, affected 


by any conſiderable ſimulus: if the irritation 


be very gentle, we ſtill retain a greater or 

leſs power over the muſcle ; but when it be- 

comes ſtronger, we loſe all this power. 
FuRTHER, in man the ſentient and rational 


principle muſt be acknowledged to be one ; 
ſince 
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ſince we are all conſcious that what feels, 
reaſons, and exerts itſelf in moving the body, 
is one and the ſame, and not diſtinct beings. 
It is the mind, therefore, that feels, thinks, re- 
members and reaſons; which, though one 
principle, is nevertheleſs poſſeſſed of theſe dif- 
ferent powers, and acts in theſe different ca- 
pacities : nay, ſince memory is as widely dif- 
ferent from the preſent perception of ideas, or 
the exertion of the will in order to action, as 
ſenſe is from reaſon, it might with equal 
propriety be maintained, that we are endued 
with four ſouls, namely, with a rational, a 
reminiſcent, an active, and a ſentient one, as 
that we have two. In brutes of the loweſt 
kind there is evidentlyaſentient principle; but 
it ſeems to be wholly devoid of reaſon or intel- 
ligence ; in thoſe, however, of a higher claſs, 
we can perceive faint traces of ſomething 
like what we call reaſon and reflexion in man. 
Why, therefore, may not the human mind, 
which enjoys all the powers belonging to the 
fouls of the inferior creatures, and has alſo 
_ reaſon ſuperadded to thoſe powers, be allow- 
ed ſometimes to act as a ſentient, and at other 

times 
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times as a rational being, 2. e. in different ca- 
pacities ? | | 
Bur, if any one yet contends, that the ſen- 
tient principle, governing the vital motions, 
is different from the rational, I ſhall not think 
it much worth while to diſpute the matter 
with him : fince whatever is advanced, in 
the preſent Es8ay, upon the ſubject of the 
involuntary motions of animals, will hold 
equally true, whether the ſentient and ra- 
tional ſoul be ſuppoſed diſtinct, or otherwiſe. 
HowEvER, although we conceive it to be 
the moſt probable opinion, that the ſentient 
and rational principle in man are one and the 


ſame; yet we think it a very clear point, that 


the mind does not, as Dr. Stahl and others 
would perſuade us, preſide over, regulate, 
and continue the vital motions, or, upon ex- 
traordinary occaſions, exert its power in re- 
doubling them, from any rational views, or 
from a conſciouſneſs that the body's welfare 
demands her care in theſe particulars: for 
infants, ideots, and brutes of the loweſt kind, 
(which laſt are certainly deſtitute of reaſon), 
perform theſe motions in as perfect a manner 
as the wiſeſt Philoſopher ; and the mind, 

| when 
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when life is endangered by the too violent cir- 
culation of the blood, neither does, nor can 
moderate the heart's motion. If the contraction 
of the heart were owing to any previous de- 
duction of reaſon, or conviction of its being 
neceſſary to the continuance of health or life, 
the mind ought to have a power of reſtrain- 
ing the uniform motions of its auricles and 
ventricles, or of repeating them at ſhorter or 
longer intervals, notwithſtanding th eir ha- 
ving become, like thoſe of the eyes, in a man- 
ner neceffary through long habit : for though 
we cannot, indeed, move our eyes in every 
different direction, yet we can reſtrain or 
vary their uniform motions as we pleaſe. 
FURTHER, if there were any exerciſe of 
reaſon neceſſary to the continuance of the vi- 
tal motions, the mind certainly ought to be 
conſcious of this; ſince, in every ratiocination 
reſpecting action, there muſt firſt be a com- 
pariſon of things, and then, in confequence 
of this compariſon, a preference or election : 
but, I believe, few Philoſophers will be found 
hardy enough to maintain, that the mind can 
compare two, or more ideas, and thence form 


certain conclufions and determinations, with- 
out 


— — 
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out being ſo much as conſcious, in any degree, 
of what it has been all the while employed 
about: for though, when we are ſolicitouſſy 
engaged in any action, deeply involved in any 
thought, or ſtrongly hurried away by any paſ- 
fon, we may often be unconſcious of the im- 
preflions made by material cauſes on the or- 
gans of ſenſe *; yet we cannot but be ſenſible 
of the ideas formed within us by the internal 
operation of our minds, becauſe their very ex- 
iſtence depends upon our being conſcious of 
them, and is at an end, as ſoon as either we 
attend not to, or forget them: to ſay there- 
fore that ſuch ideas may be formed and exiſt 
in the mind without conſciouſneſs, is, in ef- 
fect, to ſay that they may, and may not exiſt at 
the ſame time; than which nothing can be 
more abſurd. 

FURTHER, 


To avoid all 8 diſputes about different de- 
25 of conſciouſneſs; I deſire it may be underſtood, that 

te and in other parts of this Eſſay, when I ſay we are 
not conſcious of certain impreſſions made on the mind by 
the action of material cauſes on the organs of the body, 
I mean no more, than that we have no ſuch conſciouſneſs 
or perception of them, as either convinces us of their ex- 
iſtence when preſent, or enables us, by the help of me- 
mory, to recall them when paſt, 
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FuRTHER, the motions excited by any pain; 
or irritation, are ſo inſtantaneous, that there 
can be no time for the exerciſe of reaſon, or 

a a compariſon of ideas in order to their per- 
formance; but they ſeem to follow as a neceſ- 
fary and immediate conſequence of the diſa- 
greeable perception. And as the DRI v ſeems 
to have implanted in our minds a kind of sENsx 
reſpecting Morals, whence we approve of 
ſome actions, and diſapprove of others, almoſt 

inſtantly, and without any previous reaſoning 
about their fitneſs or unfitneſs; a FAcuLTyY 

of ſingular uſe, if not abſolutely neceflary 
for ſecuring the intereſts of virtue among ſuch 
creatures as men! ſo, methinks, the analo- 
gy will appear very eaſy and natural, if we 
ſuppoſe our minds ſo formed and connected 
with our bodies, as that, in conſequence of a 
flimulus affecting any organ, or of an uneaſy 
perception in it, they ſhall immediately excite 
ſuch motions in this or that organ, or part of 
the body, as may be moſt proper to remove 
the irritating cauſe; and this, without any pre- 


. . © . . FR mt 
vious rational conviction of ſuch motions be- 

«= . - EX 
ing neceſſary or conducive to this end. Hence, A 


men do not eat, drink, or propagate their 
kind, 


23 uy 
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kind, from deliberate views of preſerving 
themſelves or their ſpecies, but merely in con- 
ſequence. of the unealy ! ſenſations of hunger, 
thirſt &c. 

Tun mind, therefore, in producing the vi- 
tal and other involuntary motions, does not 
act as a rational, but as a ſentient principle; 
which, without reaſoning upon the matter; 
is as neceſſarily determined by an ungrateful 
ſenſation or ſlimulus affecting the organs, to 
exert its power, in bringing about theſe moti- 
ons, as 18 a balance, while, from mechani- 
cal laws, it preponderates to that ſide where 
the greateſt weight prevails. 

Tux general and wiſe intention of all the 
involuntary motions, is the removal of every 
thing that irritates, diſturbs, or hurts the bo- 
dy: hence, thoſeviolent motions of the heart, 
in the beginning of fevers, ſmall-pox, mea- 
fles, &c. when frequently the blood, from 
its being affected by the mixture of ſome pe- 
culiar maſma, acts as a ſtron ger /timulus than 
uſual upon this organ. Nevertheleſs, as,. in 
many inſtances, the very beſt things may, by 
exceſs, become hurtful; ſo this endeavour to 
free the body, or any of its parts, from what 

90 is 


—— _ — 


— — — — * * > . 4 
. A MFI. _ == EIS — > 
N 1 » _ w A - A — 

— — — — > 


290 Of the VI TAI and 


is noxious, is unhappily, ſometimes, ſo ſtrong 


and vehement, as to threaten the entire deſtry. 
ction of the animal fabric. But, in the main, 
this FACULTY muſt be confeſſed highly uſe. 
ful and beneficial ; fince, without it, we ſhould 
conſtantly have cheriſhed in our bodies the 
lurking principles of diſeaſes, flowly indeed 
and by imperceptible degrees, but not leſs ſure- 
ly, ruining our health and conſtitutions, 
Uro the whole, there ſeems to be in man 
one ſentient and intelligent PRINCIPLE, which 
is equally the ſource of life, ſenſe and moti- 
on, as of reaſon; and which, from the law 
of its union with the body, exerts more or 
leſs of its power and influence, as the differ- 
ent circumſtances of the ſeveral organs actu- 
ated by it may require. That this principle 
operates upon the body, by the intervention of 
ſomething in the brain or nerves, is, I think, 
likewiſe probable ; though, as to its particu- 
lar nature, I preſume not to allow myſelf in 
any uncertain conjectures ; but, perhaps, by 
means of this conneCting medium, the various 
impreſſions, made on the ſeveral parts of the 
body either by external or internal cauſes, 
are tranſmitted to, and perceived by the mind; 


in 
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in conſequence of which it may determine 
the nervous influence variouſly into different 
organs, and ſo become the cauſe of all the 
vital and involuntary motions, as well as of 
the animal and voluntary. Tt ſeems to act ne- 
ceſſarily, and as a ſentient principle only, when 
is power is exerted in cauſing the former; 
but, in producing the latter, it acts freely, and 
both as a ſentient and rational agent. 

Tux bodies of brute animals are actuated 


by a principle of a like kind with what is 


placed in man, but greatly inferior with re- 
zard to the degrees of reaſon and intelligence 
which it poſſeſſes : in the more perfect brutes, 
this principle is plainly intelligent as well as 
ſentient ; and their actions ſo evidently ſhew 
them to be endued, not only with a ſtrong me- 
mory, but with reflexion and ſome degrees of 


reaſon, that it is really wonderful to find De 


cartes and his diſciples ſo far impoſing upon 
themſelves, as ſeriouſly to believe theſe were 
machines formed entirely of matter, and, as 
it were, ſo many eurious pieces of clock-work 
wound up and ſet a-going. Nor is it leſs ſur- 
prifing that the generality of Theological wri- 
ters ſhould, till of late, have been ſo far 

miſtaken 
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miſtaken in this matter, as not to have per- 
ceived, that, after once admitting all the actions 
of the moſt perfect brutes to reſult from mere 
mechaniſm, the aſcribing every thing in man 
to no higher a principle, would be a natural 
and eaſy conſequence. 
Ix the inferior orders of brutes the appear- 


ances of reaſon and reflexion are more obſcure; 


and, in the loweſt ſpecies of animals, there 
are no marks of intelligence, nor do we ob- 
ſerve them to differ otherwiſe from vegetables, 
than as they are endued with ſome degree of 
ſenſation and ſelf- motion. 


O57. II. Ir may be alledged, that the vital 
motions cannot be owing to a ſfimulus affecting 
the ſentient principle, in the manner > 


explained, fince we are ndt conſcious of any 
ſuch thing, 


" Anſwer, Ty1s may either be owing to the 
gentleneſs of the irritation, or to our having 
— 5 long accuſtomed to it, perhaps from the 
beginning of our lives. 


« WIE all op, that ſuch ideas as but 
Aightly 


E 
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lightly affect us, and ſoon give place to ſuc- 
ceeding ones, are quickly forgot ; nay, that 
impreſſions, which are very faint in them- 
ſelves, or loſt amidſt far ſtronger ones, are 
frequently neither attended with conſciouſ- 
neſs when preſent, nor remembered when 
paſt, In walking the ſtreets, how many per- 
ſons of one's acquaintance are every minute 
preſented to the mind, as their pictures are 
painted on the retina ; yet if we be alone, 
having our thoughts ſtrongly turned upon a 
particular ſubject, or elſe be deeply enga- 
ged in converſation with a friend, we are often 
not conſcious of the preſence of theſe people 
when before our eyes, nor remember their ha- 
ving been ſo, when they have left us —If we 
turn our eyes towards the azure ſky at noon- 
day, we cannot, by theutmoſt attention, ob- 
ſerve any of the ſtars ; and yet it is certain, that, 
at that time, there are images of every ſtar in 
the viſible hemiſphere formed upon the bot- 
tom of our eyes: for the ſtellar light muſt 


run through the ſame torrent of ſun-beams 


to reach us in the night as in the day, allow- 
ance 
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ance being only made for the inconſiderable 
depth of the earth's atmoſphere *, 

Tux ſenſation ariſing from the impetuous 
courſe of the blood through the pulmonary 
veſſels, is, uſually, fo very ſlight, as not to 

; be 


In this particular caſe, we muſt cither ſuppoſe, that the 
impreſſions, made by the ftars on the retina, are ſuffocated 
and Joſt in thoſe ſtronger ones made by the illuminated 
atmoſphere, ſo as never to reach the ſenſorium in order to 
excite any idea in the mind, or that if do reach the 
ſenſory, and create correſpondent ideas, yet they are ſo 
drowned, as it were, in the ſtronger idea, as to eſcape our 
attention and memory. Iam not inſenſible, that there is a 
real difficulty in this matter, and even ſome appearance of 
contradiction in the laſt ſuppoſition : for it may well be 
aſked, what is an idea drowned in another, but a perception 
upperceived? Without pretending to decide, therefore, in 
this ſo very ſubtile a queſtion, I ſhall only take notice of 


a fact, which, if duly weighed, would perhaps go as far 


towards clearing it up as any other conſideration whatever, 
It is well known Sir {/aac Newton has proved, by a beauti- 
ful variety of experiments, that, from the union of ſimple- 
coloured rays, are formed compound-coloured ones ; for ex- 
ample, that a red and yellow ray mingled make an orange, 
blue and yellow a green one, and ſo of the reſt ; and that 
all the ſimple- coloured rays combined form a white one, 
But this diſcovery is by no means confined to colours as 
they exiſt out of the mind, either in the rays of light, or 
ſurfaces of bodies; but is equally true of the dew of 
colours in the mind itſelf: for it appears, by experi- 
ments, that the idea of red and the idea of yellow, con- 
founded in the mind by co-exiſtence or rapid ſucceſſion, 
make the idea of orange; the ideas of blue and yellow, that 
= green. &c, and thoſe of the ſeven ſimple w__ that of 
White. 
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be felt or attended to. But this is far from 


being the caſe in aſthmatic diſorders, or af- 
ter reſpiration has been ſuppreſſed for ſome 
time; for, then, it is very remarkable, being 
accompanied with the moſt painful anxiety. 
The action of the air, aliments and bile, up- 
on the inteſtines, which is the cauſe of their 
periſtaltic motion, is commonly altogether 
unperceived by us; but let this f/7mulus be 
increaſed by purgative medicines, or by ſharp 
humours lodged in the prime viæ, and it will 
be felt very ſenſibly.— The ſimulus of light 
upon the retina, which makes the pupil con- 
tract itſelf, is ſeldom perceived or regarded, 
unleſs it be, when the degree of light is much 
ſtronger than- what the eye, immediately be- 
fore, had been expoſed to.—The action of the 
returning blood upon the heart, though it be 
uſually quite imperceptible, ſeems, in ſome 
caſes, plainly to be felt: for people, eſpeci- 
ally ſuch as have weak nerves, after a ſudden 
fright, which makes the blood return more 
haſtily, and in greater quantity, than uſual 
to the heart, are ſenſible of a particular feel- 
ing, not eaſy to be deſcribed in words, from 
the heart's being more than ordinarily affected 

by 
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by a ſurcharge of this fluid. —In various parts 
of the body, pulſations, or ſmall alternate 
convulſions, are ſometimes perceived; which, 
as they keep not time with the beating of the 
heart, cannot be arterial vibrations, but muſt 
be the alternate contractions of muſcles, or, 
rather, of a ſmall parcel of their fibres. There 
is no ſenſation of a /:mulus in the part before 
theſe motions begin, or while they continue; 
and yet, as they frequently happen to people 
in good health, whoſe brain and nervous ſy- 
ſtem are ſound, it is more than probable that 
they are owing to ſome obſtructing matter, 
which diſtracts the fibres of the ſubtiler veſ- 
ſels, or to acrid particles in the fluids coming 
into contact with the tender nerves of the con- 
vulſed part. But, 

2 Tur ſtimulus cauſing the vital motions b 
unperceived by us, not only on account of its 
gentleneſs, but alſo becauſe we have been ac- 
cuſtomed to it from the earlieſt period of our 
lives. The force of cuſtom is prodigious and 
unaccountable; what we have been long uſed 
to, we become ſcarcely ſenſible of, while 
things which are new, though much more 
trifling, and of weaker impreſſion, affect us re- 
| markably. 
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markably. Thus he who is wont to ſpend the 
greateſt part of his time in the filent retire- 
ments of the country, is ſurpriſingly affected, 

upon his firſt coming into a populous city, 
with the noiſe and buſtle which prevail there: 
of this, however, he daily becomes leſs and 
leſs ſenſible, till, at length, he regards it no 
more than they who have been uſed to it all 
le; their life-time. 

le Tux ſame ſeems to be the caſe alſo with re- 
gerd to what paſſes within our bodies. Few 
ut WF perſons in health feel the beating of their 
er, heart, though it ſtrikes againſt the ribs, and 
. chat too with a conſiderable force every ſecond 
ng or oftener ; whereas the motion of a fly up- 
n- W on one's face or hands, occaſions a very ſen- 


ible and uneaſy titillation.—The pulfation 


sor the great aorta itſelf is wholly unobſerved 
is W by us; yet the unuſual beating even of a 
C- WW ſmall artery in any of ,the fingers, from an 
u WF obſtruction of its veſſels, becomes very re- 
nd WW markable.—Although the blood ruſhes into 
WF the ventricles of the heart with a conſider- 
ic able velocity, and is thence expelled into the 
I erteries with*a much greater force; yet we 
re not conſcious of ſo much as one drop of 
y 9 this 
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this fluid paſſing that way; otherwiſe the cir- 
culation of the blood could not have remained 
ſo long a ſecret to mankind. And if we are 
not ſenſible of the ſtimulus of the air, aliment 
and bile upon the inteſtines, which, however, 
all allow to be the cauſe of their vermicular 
motion; nor are immediately conſcious of 
the action of opium upon the nerves of the 
ſtomach, which yet produces ſurpriſing ef- 
fects over the whole body; why ſhould it be 
thought ſtrange that we don't feel the /?zmulu; 
of the blood upon the internal ſurface of the 
ventricles of the heart, which is much more 
gentle than the laſt, and which, as well as the 
firſt, cuſtom, that ſecond nature, prevailing 
from the very beginning of our lives, has 
rendered quite familiar and unheeded. 
Upon the whole, from what has been aid, 
it may fully appear, that there is no good rea- 
ſon for denying the vital motions to proceed 
from a ſtimulus affecting the mind, becauſe 
we are not conſcious of this; or for imagi- 
ning that the blood does not gently irritate 
the heart, becauſe we don't feel a particular 
ſenſation in this muſcle immediately preced- 
ing every contraction of it. 
| Oh. 
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Obj. III. Ir may be ſaid, that although we 
are inſenſible of the ſimuli affecting the or- 
gans of vital motion, either from their ſlight- 
neſs or from cuſtom; yet we ought to be 
conſcious of the exertion of the mind's power 
in cauſing theſe motions. 


Anſwer. « THAT a man may in general, 
and with propriety, be called conſcious of any 
action, it is not only neceſſary he ſhould per- 
ceive it during the time in which it is per- 
formed, but alſo that he be able to recollect 
it after it is paſt ; for though one be ſenſible, 
while a viſible object is before him, that he 
ſees it ; yet if he retains not the leaſt me- 
mory of it after it is removed out of his ſight, 
he can neither fatisfy himſelf nor others that 
ever he ſaw it. In like manner, we cannot 
be called conſcious of an action or volition that 


is not adverted to when performed, or, as ſoon 


as it is aver, is entirely forgotten by us : for as 
there are ſome ſenſations, either ſo ſlight in 
themſelves, or ſo much weakened by the di- 


verſion of our attention, that they leave na 


traces in the memory; ſo there may be actions 


and volitions, that are either ſo faint, ſo ha- 
bitual, 
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bitual, or ſo much leſſened amid ſtronger and 
more important exertions of the mind, that 
they may not only be entirely and for ever 
forgotten, but never ſo much as taken notice 
of or reflected upon. | 

Þ SETTING aſide, however, all metaphyſi- 


cal conſiderations, we may find arguments 4 


poſtertori ſufficient to prove that the mind does 
perform actions, which yet are unattended 
with conſciouſneſs. Thus we are not con- 
ſcious of any effort of the mind in cauſing 
thoſe motions of the body, which tickling 
the ſides or the ſoles of the feet excites ; yet 
it appears they in fact do proceed from the 
mind, from the like motions being produced, 
though in a leſs degree, by the fear only or ap- 
prehenſion of being tickled, —Duſt, as well as 
flies and ſeveral other inſets paſting before our 
eyes, make us ſhut the palpebræ; and yet theſe 
motions, which certainly proceed from the 
mind, are not often attended to, and ſeldom 
remembered by us.— The contraction of the 
pupil from light, and of the muſcles of the 
internal ear from ſound, has been ſhewn to 
ariſe from an exertion of the mind's power, 
of which, however, we are in no degree ſen- 


fable, 
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fible;—As the erection of the penis often pro- 


ceeds from laſcivious thoughts, it muſt be a- 
ſcribed, in theſe caſes at leaſt, to the mind, 
notwithſtanding our being equally unconſci- 
ous of her influence exerted here, as in pro- 
ducing the contraction of the heart. The 
fight, or lively idea of grateful food, is ac- 
companied with a ſudden and copious excre- 
tion of ſpittle into the mouth of a hungry 
perſon: certain ideas excited in the mind are 
the occaſion of an uncommon flow of tears, 


from the lachrymal veſſels: and a nurſe's breaſt 


pours out its milk when a child is brought on- 
ly near it. The extraordinary motions of the 
veſſels of theſe parts cannot in any other way 
be accounted for, than by afcribing them to 
the mind; of whoſe action, however, we 
are no way conſcious. 

- FURTHER, fince, in conſequence of certain 
ideas being excited in the mind, the ſtomach 
is immediately affected with a nauſea and vo- 
miting, it cannot be denied that this is owing 
to an unuſual determination of the nervous 


influence, by means of the mind, into the mu- 


ſcular fibres of this bowel; yet we are not at 
all more ſenſible of an exertion of the mind's 


power 
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power in this caſe, than we are when vomit. 
ing is excited by ſwallowing a doze of ipeca- 
cuan or emetic tartar. The want of conſci.. 
ouſneſs, therefore, can be no ſufficient argu. 


ment againſt the motion of the ſtomach, whe. 


ther natural or perverted, being owing to the 
active power or energy of the ſentient prin- 
ciple, which is variouſly affected by the differ- 
ent ſlimuli applied to the delicate nerves of 
this bowel; and if the idea only of a diſa- 
greeable ſenſation in the ſtomach, can bring 
about, through the influence of the mind, 
ſuch irregular motions in it, why ſhould not 
the real feeling of ſuch a ſenſation in this or- 
gan, more remarkably affect the mind, and 
ſo excite it to produce fimilar motions. | 
Wuax has been ſaid with regard to the mo- 
tions of the ſtomach, may readily be applied 
to thoſe of the heart: for no ſooner are cer- 
tain ideas preſented to the mind, than the mo- 
tion of the heart is increaſed and accelerated; 
which muſt, therefore, undoubtedly be the 
effect of an extraordinary determination of the 
nervous power into its fibres conſequent upon 
the emotion raiſed in the ſoul: yet of this ef- 


fort of the mind we are not in any degree con- 


ſcious. 
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ſcious. If, therefore, the mind can thus in- 
fluence the heart's motion, and we, at the 
fame time, not be ſenſible of its power being 
directed to that end, it can by no means ap- 
pear unreaſonable to ſuppoſe, that the ſimu- 
lus of the returning blood may excite the ſen- 
tient principle to bring this muſcle into con- 
traction, although we are not in the leaſt con- 
ſcious of any ſuch exertion of its power. 
Bur, the objection againſt the mind's be- 
ing concerned in effecting the vital and other 
involuntary motions, drawn from our not be- 
ing conſcious of its interpoſing for this end, 
is quite overturned, by conſidering that great 
rariety even of voluntary motions are many 
times performed, when we are inſenſible of 
the power of the will exerted in their produ- 
ction. Thus, while in walking we either 
meditate by ourſelves, or converſe with others, 
we move the muſcles of our legs and thighs, 
without attending to, or knowing any thing 
of the matter, We are not ſenſible of the 
eye-lids being kept open by the immediate a- 
ction of the mind; but yet, when drouzineſs 
and ſleep ſteal upon us, we find it requires a 


conſiderable effort to prevent the falling down 
of 
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of the ſuperior palpebræ. The ſame thing js 
true of the action of the muſcles which ſup. 
port the head. The true account of our ig. 
norance in theſe things, which, as they are 
tranſacted within the ſphere of our own bo- 
dies, it might be expected we ſhould be well 
acquainted withal, ſeems to be this, v2. that 
we not only acquire, through cuſtom and ha- 
bit, a faculty of performing certain motions 
with greater eaſe than we were wont to do 
them, but alſo, in proportion as this facility is 
increaſed, we become leſs ſenſible of any ſhare 
or concern the mind has in them. Thus a 
young dancer, or player upon the harpſicord, 
is very thoughtful and ſolicitous about every 
motion of his fingers, and every ſtep he takes; 
while the PROFICIENTS or MASTERS 1n theſe 
arts perform the very ſame motions, not only 
with greater agility, and more dexterouſly, but 
almoſt without any reflexion or attention to 
what they are about. 
SOME indeed have gone ſo far, as to deny 
that even the voluntary motions are owing to 
the mind, as their proper cauſe, and have 
thought the direction of the ſeveral voluntary 


muſcles, in order to perform the various mo- 
| tions 
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tions of the body, to be an office which its 
faculties are by no means equal to * But if 
theſe motions be not owing to the mind, from 
what cauſe, I pray, external or internal, do 
they proceed? They cannot be owing to the 
powers of the body alone; and it is in vain 
to attribute them to any Law which it may be 
pretended the DEtTy has eſtabliſhed +; ſince 
a law can produce no effect of itſelf, and, 


without ſome agent to execute it, is only a 


mere name or empty ſound: they muſt; there- 
fore, be aſcribed either to the immediate agen- 
cy of the SUPREME BEING, or to that of ſome 
general inferior NATURE, which nt has con- 
ſtituted for this purpoſe, or to the energy of 
a particular active PRINCIPLE united with the 
body. The firſt two ſuppoſitions are poſſible 
indeed, but not at all probable, as is the laſt; 
whence it may be inferred, that not only the 
voluntary motions, of which we are imme- 
diately conſcious, but thoſe alſowhich we don't 
advert to, proceed from that SENTIENT and 
INTELLIGENT PRINCIPLE With which the 
AuTtior of nature has animated our bodies; 
** a Q q | whoſe 
* Heller. not. in Boerhaav. Inſtitut. vol. iv, p- 588. 

Id. ibid, 
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whoſe powers and operations, it muſt be on- 
ed, are, in many inſtances, as much above 

our knowledge, as is the nature of its union 
with the body, or the manner of their reci- 
procal action upon each other. 


O). IV. Ir the vital motions were owing 
to the mind, they ſhould be under its domi- 
nion or controul ; and we ought at any time 
to be able to ſuſpend or vary theſe motions at 
pleaſure. 


Anſwer. IN all actions which are the reſult 
of reaſoning and deliberation, man evidently 
appears to be a FREE AGENT: he has it in his 
power, after weighing all motives and circum- 
ſtances, to prefer this or the other action, or 
to abſtain from acting altogether. But there 
are actions, towards the performing of which 
we are in no ways determined by reaſon, and 
where the mind is a neceſſary agent, even in 
the very ſtrongeſt ſenſe of the word : of this 
kind are the involuntary motions of muſcles, 
whoſe fibres have a ſlimulus applied to them; 
for the application of external objects to their 


proper organs, does not more neceſſarily or im- 
| mediately 
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mediately excite correſponding ideas in the 
mind, than certain uneaſy ſenſations produce 
conſequent motions of the body. As we can- 
not therefore hinder ourſelves from ſeeing e- 
very object which is painted on the bottom of 
the eye, nor from hearing every ſound which 
affects the ear; ſo neither can the mind refrain 
from exerting its power of moving a muſcle, 
whoſe ſenſible fibres are ſtrongly affected by 
a /iimulus. And as no body ever went about 
to deny that it was the mind which ſees co- 
lours and hears ſounds, becauſe, whenever 
the external cauſes exciting theſe, are applied 
to their proper organs, we can, by no effart 
of the will, prevent ourſelves from ſeeing or 
hearing, nor can ſee and hear objects or ſounds 
different from what theſe impreſſions natural- 
ly repreſent; ſo it muſt be wholly unreaſon- 
able to pretend the vital and other involuntary 
motions cannot ariſe from the energy of the 
mind, becauſe the will has no immediate 
power over them, 

AN action is denominated free, from the 
agent's having willed or choſen it, when he 
had a phyſical power of doing otherwiſe; thus 


the action of ſwallowing poiſon is faid to be 
free, 
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free, when a perſon chuſes it, and might have 
refrained from it; but the convulſive motions 
of the ſtomach and diaphragm which ſoon 
enſue upon taking it, are ſtrictly neceſſary; 
fince the mind cannot, by any effort or exer- 
tion of its power, prevent them, being as 
neceſſarily determined to move theſe parts vi- 
olently, from the diſagreeable ſenſation which 
the poiſon excites, as a ſtone is in falling ta 
the ground, or a balance in inclining to the 
ſide where there is the greateſt weight, from 
the principle of gravity. The only difference 
in theſe caſes is, that the cauſe acts upon a li- 
ving ſentient principle in the firſt; and in the 
laſt, upon inert and lifeleſs matter. 

As the actions which neceſſarily follow an ir- 
ritation of our muſcles, or any uneaſy ſenſati- 
on in the body, are not performed by the mind, 
in conſequence of any previous ratiocination, 
or from any views of their being immediately 
neceſſary, or conducive to the welfare of the 
body; ſo neither do they flow from cuſtom or 
habit; ſince new- born children perform them 
as well as the oldeſt and moſt experienced 
man. Infants, as ſoon as they come into the 


world, perform the action of hreathing, tho 
quite 
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quite unaccuſtomed to it before; they ſhut 
their eye-lids upon the approach of light, vo- 
mit when their ſtomach is oppreſſed, ſuck 
when hungry, ſneeze, or cough, upon any 
irritation of the membrane of the noſe or wind- 
pipe, and void their feces and urine, when 
theſe excite an uneaſy ſenſation in their inte- 
ſtines or bladder. Cuſtom may enable us to 
perform ſome actions with ſurpriſing facility, 
and little or no attention, but will not render 
the motions of muſcles abſolutely involuntary, 
which wereoriginally voluntary: Thus, as Hal- 
kr has well obſerved againſt the followers of 
Stahl, the muſcles of the eyg-lids, and thoſe 
which ſerve to erect the back, though they 
are almoſt conſtantly employed,” except in 
time of ſleep, nevertheleſs continue to be ſub- 
x& to the will “. 

IT remains, therefore, that the motions per- 
formed by us, in conſequence of an irritation, 
are owing to the original conſtitution of our 
frame, and law of union eſtabliſhed by the 
all-wiſe CREATOR between the ſoul and body, 
whereby the former, immediately and without 
anyexerciſe of reaſon, endeavours byall means 

and 

Nod. in Beerhaave Inſtitut. med. vol. iv. p.588. 
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and in the moſt effectual manner, to avoid or 
get rid of every diſagreeable ſenſation conveyed 
to it by whatever hurts or annoys the body *. 
WHEN the organ 1s not extremely ſenſible, 
or the ſimulus is very light, or is applied to 
ſome diſtant part, and not immediately to 
that which is to be moved, we can reſtrain 
the motions, which otherwiſe would follow, 
by an effort of the will: but if the nerves of 
the part be more delicate, and ſuſceptible of 
the ſmalleſt impreſſion; if the /iimulus be 
ſtronger and applied immediately to the organ 
which is to be brought into action; then the 
motions which follow, are neceſſary, and can- 
not be controuled by the power of the will, 
becauſe the mind is more ſtrongly affected by 
the irritation, than by any arguments or ideas 
It can preſent to itſelf. To illuſtrate this mat- 
ter by a few examples, —In voiding the ex- 
crement and urine, the contraction of the ab- 
dominal muſcles and diaphragm is uſually in 
ſome meaſure voluntary, and can be reſtrain- 
ed at pleaſure, becauſe the fiimulus is not 
only ſlight, but applied to a diſtant part; but 
in a violent Zeneſmus or ſtrangury, the motion 
| of 
* See page 288. & 289. above, | 
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of theſe muſcles becomes altogether neceſſary 
and convulſive, not becauſe the mind is leſs 
concerned in this laſt caſe than before, but be- 
cauſe the painful ſenſation compells it to act 
whether it will or no.—If the internal mem- 
brane of the wind- pipe be ſlightly irritated, 
we can reſtrain coughing; but if the tickling 
be ſtrong, we loſe this power. When the 
tunica cornea, or conjunctiva of the eye, are 
gently ſtimulated, we can, by an effort of the 
will, prevent the ſhutting of the palpebræ; 
but when any thing very acrid is applied to 
theſe parts, the eye- lids are moved neceſſa- 
rily.— Although the contraction of the pupil 
ariſes from the action of light upon the re- 
tina, and not upon the fibres of the iris; yet 
this motion is altogether involuntary, on ac- 
count of the extreme ſenſibility of the irri- 
tated part —The motions of the heart and 
alimentary tube are wholly neceſſary, becauſe 


the nerves of theſe organs are highly ſenſible, 


and the ſimulus is immediately applied to 
them. Nor can the mind leſſen the violent 


contractions of the heart in a fever, however 


conſcious it may be of the danger ariſing from 
too impetuous a motion of the blood; becauſe 
the 
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the heart being more ſtrongly ſtimulated than 
uſual by the blood, the ſentient principle, in 
order to expel the irritating cauſe, is neceſſa. 
rily excited to contract this muſcle with pro- 
portionably greater force.— The motions of 
the reſpiratory muſcles can be accelerated, 
retarded, or altogether ſtopt, as often as we 
pleaſe ; becauſe the ſimulus exciting them, is 
not immediately applied to their fibres, but to 
the lungs, a part not very ſenſible, and with 
which they have little or no connexion. How- 
ever, as often as the ſtimulus is greatly increa- 
Ted, by the difficult paſſage of the blood thro 
the lungs, and there is an immediate danger 
of ſuffocation, the motion of theſe muſcles be- 
comes more neceſſary, and almoſt ceaſes to be 
under the power of the will. —In a fever, 
when, from an obſtruction or perverted moti- 
on of the fluids in the brain, or its membranes, 
the patient talks of ſeeing and hearing things 
which are neither preſent nor ſpoken, he may 
be readily convinced of his error, provided the 
delirium be of the lighter kind; if otherwiſe, 
we endeavour in vain to correct his wrong 
judgment by reaſon or argument, ſince the dif- 
ordered ſtate of the brain makes a ſtronger im- 

preſſion 
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preſſion upon the mind, than any arguments 
or external conſiderations whatever: yet a- 
crid cataplaſms applied to the ſoles of the feet, 
as they give great pain, and ſo make a remark- 
ably ſtrong impreſſion on the ſentient prin- 
ciple, will often leſſen, and ſometimes entirely 
remove ſuch a delirium. But, 

- þ TE objection againſt the mind's pro- 
ducing the vital motions, drawn from their 
being involuntary, muſt appear extremely 
weak ; fince there are a variety of motions e- 
qually independent upon our will, which yet 
are certainly owing to the mind. Thus, as 
has been already obſerved, the contraction of 
the pupil from light, and the motions of the 
body from tickling, or the apprehenſion of it, 
undoubtedly flow from the mind, notwith- 
ſtanding their being in voluntary. The ſhut- 
ting of the eye- lids, when a blow is aimed at 
the eye, is another inſtance of a motion per- 
formed by the mind in ſpite of the will; for as 
the threatened blow does not, by any corpo- 
real contact, affect the orbicular muſcle of the 
falpebre, its contraction muſt neceſſarily be 
deduced from the mind, moved to perform 
this action from the apprehenſion of ſome- 

„ thing 
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thing ready to hurt the eye: and if there are 
ſome who, by an effort of the will, can re- 
{train this motion of their eye-lids, yet this 
does not proceed ſo much from the mind's 
making no attempt, in conſequence of the 
apprehended danger, to cloſe the palpebræ, 
as from the ſuperior eye-lid's being kept 
up by a ſtrong voluntary contraction of its 
levator muſcle. We cannot, by an effort 
of the will, either command or reſtrain the 
erection of the penis; and yet it is evidently 
owing to the mind; for ſudden fear, or 
any thing which fixes our attention ſtrong- 
ly and all at once, makes this member quickly 
ſubſide, though it were ever ſo fully erected. 
The titillation, therefore, of the vgſiculæ ſemi- 
nales by the ſemen, laſcivious thoughts, and 
other cauſes, only produce the erection of the 
penis, as they neceſlarily excite the mind to 
determine the blood in greater quantity into 
its cells *. A ſhocking fight, or a diſagree- 
able ſound, will often, in an inſtant, excite a 
tremor or ſhivering over the whole body; 
which cannot be owing merely to the mecha- 
nical action of light upon the eye, or of ſound 


upon 


* Vid. Sect. vi. No 4. above. 
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upon the ear; fince, when the external or- 
gans are unaffected by theſe things, their idea, 
recalled by the mind, can of itſelf produce a 
fimilar effect: this motion, therefore, though 
it be involuntary, and can neither be per- 
formed nor ſtopt at pleaſure, muſt neceſſarily 
be owing to the mind or ſentient principle. 

Ir, therefore, we have found various invo- 
luntary motions ariſing from the mind, it can 
be no proof againſt the vital motions flowing 
from the energy of the ſame principle, that 
they are involuntary: and if the motions of 
the voluntary muſcles themſelves become in- 
voluntary, as often as they are excited into 
action by a /{imulas applied to their fibres, it 
can be no wonder that the motions of the 
heart and alimentary canal are neceſſary, and 
independent on the will, ſince theſe organs 
are perpetually expoſed to the alternate action 
of a ſtimulus. 

Ir it be aſked, why, when either light 
nor ſound affect the muſcles of the wvea and 
internal ear, we cannot at pleaſure move 
them; or why we cannot at any time, by an 
effort of the will, produce an erection of the 
penis ; it may be anſwered, that as mankind, 

by 
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by having their ears tied down when young, 
loſe the power of moving them, though there 
are muſcles deſtined by nature for this pur- 
poſe ; ſo the mind, through diſuſe, may have 
loſt its power of moving the above mentioned 
| muſcles at pleaſure, even when they are not 
acted upon by a flimulus ; or why may we not, 
for wiſe purpoſes, be ſo framed by the Au- 
THOR of nature, that the mind, while it can 
at pleaſure contract the greateſt part of our 
muſcles, may have no power over others, 


whoſe motions are to be regulated only by 


certain ſenſations, ſince theſe will never fail 
to excite the ſentient principle into action, 
when it is neceſſary or proper? whereas, if 
they were ſubje& to the will, it is probable, 
that men, by a perverſe effort of this, would 
in many caſes greatly prejudice their health, 
or endanger their lives. And I imagine, that 
the mind's want of power over the motion of 


the heart; is not only owing to its being con- 


tinually ated upon by a ſimulus , but in part 
to an original conſtitution ; and that tho 
We 


* Sect. i. Ne 12. K 1 3. above. 


+ By an original conſtitution, I here mean no more, 
than that we are ſo formed, that the mind, which can at 
pleaſure 
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we ſhould ſuppoſe theſe organs for a little 
while free from every degree of irritation, yet 
the mind, by an effort of the will, could not 
move them. Thus, although the mind re- 
mains preſent with the body, and ready to 
actuate it in a ſyncope; yet it can neither di- 
rectly renew the heart's motion after it has 
ceaſed, nor communicate a ſtronger contra- 
ction to it when it is juſt going to fail: and 
there is no reaſon to think, that theſe animals 
which lie in a death-like ſtate during the 
winter-ſeaſon, have, when they begin to re- 
vive in the ſpring, any more power over the 
motion of their heart, than thoſe in whom its 
motions continue without any ſuch interru- 
ption from the beginning to the end of their 
lives. | | 
Wx need not, therefore, with Mr. Lieutaud, 
have recourſe to any croſſings or entrelacements 
of the nerves of the vital organs, or to their 
proceeding from different parts of the brain, 
in order to account for their not being ſubject 
to 
pleaſure move moſt of the muſcles of the body, has, from 


the beginning of life, no power to move the heart and 
other involuntary muſcles, unleſs when it is excited to do 


this by a ſlimulus acting upon them, or upon ſome neigh- 


bouring part with which they have a peculiar ſympathy. 
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to the power of the will *; eſpecially ſince 


we ſee that the motions of the uvea and mu- 
ſcles of the internal ear, notwithſtanding 
their nerves are deſtitute of the above condi- 
tions, are equally involuntary with thoſe of 
the heart; that the muſcles of the arm, 
whoſe nerves have theſe croſſings, are yet 
ſubje& to the will; and that, in ſhort, even 
the voluntary muſcles, when affected by any 
remarkable /fimulus, ceaſe to be under the 
controul of the will +, 


Ohj. V. Tur mind can only perceive diſ- 
tinctly one idea at once; and therefore muſt 
be incapable to attend to and govern all the 
vital and involuntary motions, which are ſo 
numerous 4. 


Anſwer. Tuis objection is chiefly levelled 
againſt the opinion which ſuppoſes the vital 
motions to be regulated and carried on by the 
mind as a rational agent, and does not at all 
affect our theory: for whether the mind can 
diſtinctly apprehend more ideas than one at a 

time, 


* Effais anatomiq. p. 702. & Element. Phyſiolog. p. 72. 
+ Sect. i. No 12. & 13. above. 
Haller. not. in Boerhaave inſtitut. med. p. 589. 


other INvoLUNTARY MoTiIons. 319 


time, or no, yet ſurely it can and does feel 
various ſenſations in different parts of the 
body at one and the fame time; and we 
know that it can move many of the voluntary 
muſcles in the ſame inſtant. Why, there- 
fore, may it not, in conſequence of the per- 
ception of various ſimul: affecting the different 
vital organs, move them alternately ? 

Bur further, when Mahomet Caratta, the 
famous equilibriſt, ſtood with one foot on 
the ſlack wire, toſſing, with his hands, fix or 
ſeven balls up into the air, and catching them 
again, was he not attentive to more than 
one thing at once? In this caſe, the equz/;- 
brium of the body was to be preſerved, the 
balls were to be taken out of his girdle, they 
were ſeverally to be thrown up into the air, 
to be caught as they came down, and toſſed 
up again; and theſe motions, which follow- 


ed each other with ſurpriſing quickneſs, were 


continued for ſome conſiderable time. Any 
man can hear a ſound and perceive a particu- 
lar colour at the ſame time ; and though ever 
ſo attentive to theſe, he will not fail, if a fly 


happens to run along his face, to drive it off 
with 
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with his hand, that he may avoid the tickling 
ſenſations which it excites. In like manner, 
how much ſoever the mind may be buſied 
with its own thoughts, or the ideas of exter- 
nal objects; yet is it ever ready to perceive 
and feel the various ſimuli which alternately 
affect the vital organs, and, in conſequence of 
this, to continue their motions. Nor is there 
any need of an infinite wiſdom in the mind, 
as ſome have objected, to enable it to perfornt 
the ſeveral vital and other involuntary mo- 
tions, with different and always varying de- 
grees of force and quickneſs, according to the 
different circumſtances of the body; fince, in 
doing this, the mind has no particular wile 
ends in view; nor is it influenced by any ra- 
tional motives, but merely by the ſtimulating 
cauſes affecting the ſeveral organs; . e. it 
acts as a SENTIENT, and not as a RATIONAL 
principle. In the AuTHoR of nature, how- 
ever, who has framed both the ſoul and body, 
and thus adapted them to each other, we 
ought, as upon many other accounts, ſo alſo 
upon this, to acknowledge a wiſdom. that is 
infinite and unſcarchable ! 


IN 
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Ix contemplating the various motions of a- 
nimals, we obſerve a ſtriking analogy; a re- 
markable agreement in ſome things, and a diſ- 
agreement in others, 


1. Sox of the voluntary motions, by the 
force of cuſtom and habit, come at length 
to be performed with little or no attention of 
mind; and, though we have full power to be- 
gin or ſtop them when we pleaſe, yet they be- 
come ſo far independent of the will, that we 
can only perform them in a certain way. Of 
this the uniform motions of the eyes are an 
example; 


2. NEARLY a-kin to theſe are the mix'd mo- 
tions, or thoſe of a middle nature between 
the voluntary and involuntary ; ſuch as reſpi- 
ration, and the motions of the eye-lids when 
any thing ſlightly irritates the cornea. Theſe 
agree with the motions from habit, in being 
often performed without conſciouſneſs; but 
in this they differ, v/z. that the former pro- 
ceed from a ſtimulus, and become altogether 
involuntary when this is increaſed ; while the 
latter owe their beginning to an effort of the 
will, and are always ſubject to its controul. 

9 8 3. THE 
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3. Tux involuntary and mix'd motions, in 
general, agree in proceeding from a /timulus, 
and in being moſtly performed without con- 
ſciouſneſs; but differ, in the latter's-being part- 
ly, and the former not at all under the power 
of the will. Some of each of theſe motions 
never ceaſe, but go on alternately through the 
whole of our lives; while others are only ex- 
cited on certain occaſions: among the former 
kind are the motions of the heart, lungs, and 
alimentary tube; of the latter are the contra- 
ction of the pupil, eye- lids, and muſcles of 

the internal ear. bt 


4. In ſome of the involuntary motions, we 
are neither conſcious of the ſimulus, nor of 
the effort of the mind in conſequence of it; 
as is the caſe with, the motion of the heart, 
and the ordinary vermicular contraction of the 
ſtomach and guts. In others, we are ſenſible 
of the irritation, or diſagreeable perception 
exciting them, but not of any exertion of the 
mind's power: ſuch are the convulſive con- 
tractions of the ſtomach, diaphragm, and ab- 
dominal muſcles in vomiting, of the dia- 
phragm in the hiccup, of the inteſtines in pur- 
| ging; 
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n ging, and of the acceleratores urine in expel- 
ling the ſemen. 


5. Wix reſpect to the mix d motions: in 
thoſe of the eye-lids, ſo far as they are of this 
kind, we are ſenſible of the irritation, or cauſe 
exciting them, though rarely ſo of any effort 
of the will.—In that of reſpiration, neither 
the ſimulus affecting the lungs, nor effort of 
the mind in conſequence of this, are uſually 
a perceived; yet, as often as we pleaſe, we can 
F ſuſpend or vary this motion, as freely as thoſe 

of the eye-lids.—In the motions of the dia- 
phragm and abdominal muſcles, in expelling 
| the excrement and urine, which are alſo of the 
mix d kind, we are perfectly ſenſible of the 
| ſimulus, and frequently of an exertion of the 
mind's power in conſequence of it; yet when 
the irritation is very great, theſe motions be- 
come altogether convulſive and involuntary. 


6. FURTHER, it appears, that as in all the 
works of nature, there is a beautiful grada- 
tion, and a kind of link, as it were, betwixt 
each ſpecies of animals, the loweſt of the im- 
mediately ſuperior claſs, differing little from 
the 
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the higheſt in the next ſucceeding order; ſo 
in the motions of animals ſomething ſimilar 
may be obſerved ; the mix'd motions, as they 
are called, and thoſe from habit, being the 
link between the voluntary and involuntary, 


Laſtly, FRoM what has been advanced in 
this and the preceding ſections, with a deſign 
to ſhew what concern the mind has in produ- 
cing the vital and other involuntary motions, 
it clearly follows, that the human body ought 
not to be regarded (as it has too long been by 
many Phyſiologiſts) as a mechanical machine, 
ſo exquiſitely formed, as, by the mere force of 
its conſtruction, to be able to perform, and 
continue, the ſeveral vital functions *; things 


far above the powers of mechaniſm ! But as a 


ſyſtem, framed indeed with the greateſt art 
and contrivance ; a ſyſtem ! in which the pe- 
culiar ſtructure of each part is not more to be 
admired than the wiſe and beautiful arrange- 
ment of the whole; nevertheleſs, as a ſyſtem 
whoſe motions are all owing to the active 
power, and energy, of an immaterial ſenti- 

ent 


* See Heiſter's Diſſert. de præſtant. medicin. mechanic. 
p. 22. 25. 51, 69. 
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ent principle, to which it is united, and by 
which every fibre of it is enlivened and actu- 
ated, 


Ix accounting for the vital and other invo- 
luntary motions of animals, we have ſhewn, 
that they are all owing to a ftimulus; and 
have pointed out the particular ſimuli applied 
to the ſeveral organs, and exciting them into 
action; we have further ſhewn, that theſe 
ſtimuli can only produce their effects by the 
influence they have upon the mind or ſen- 
tient principle. But what way the mind puts 
the muſcles into motion ; what is the mate- 
rial cauſe in the brain, nerves, and muſcular 
fibres, which it employs as its inſtrument for 
this purpoſe ; what the intimate ſtructure of 
a muſcular fibre, or the preciſe manner in 
which the nervous influence acts upon it, 
when it produces its contraction: theſe are 
queſtions we have wholly avoided, being per- 
ſuaded that whatever has been hitherto ſaid 
on theſe ſubjects, is mere ſpeculation ; and 
that to offer any new conjectures on matters 
ſo greatly involved in darkneſs, and where 
we have neither data nor pbænomena to ſup- 

port 
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port us, is to load a ſcience already labouring 
under hypotheſes with a new burden. 

To complete our account of the ſpontane- 
ous motions, it now only remains, that we 
inquire into the reaſons why the vital mo- 
tions continue in time of ſleep, and why mu- 
ſcles, or a few of their fibres, are often obſer- 
ved to move for ſome time after death or 


their ſeparation from the body, 


SECT, XII. 
Of the reaſon why the vital motions continue in ſe. 


= _ reaſon why the vital organs are con- 
| tinually agitated with alternate contra- 
ctions, while the other muſcles of involuntary 
motion are contracted on certain occaſions 
only, may fully appear from what has been 
already offered ; for we have ſeen that the 
former are expoſed to the action of a ffimulus 
always, the latter only at particular times. 
But ſince, during ſleep, the organs of ſenſe 
are, as it were, lock'd up, and the vo- 
luntary muſcles become more relaxed and 
unfit 


pe 
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unfit for action, on account of the brain's 
diſpenſing its influence more ſparingly than 
ordinary, it may be aſked, why the vital 
motions don't at this time. either * or at 
leaſt fail conſiderably? 


To ſay here, that the vital motions muſt 


therefore go on without diminution or diſturb- 
ance, becauſe their organs are equally ated 
upon by their proper ſlimuli, both when we 
are awake and fleeping, would be an incom- 
petent anſwer to this queſtion; for though 
the ſtimulating: cauſe be granted to continue 
the ſame, yet if the organ's aptitude for mo- 
tion be leſſened, the effect muſt be the ſame, 
as though the //inulus were weakened or en- 
tirely wanting, The difhculty, therefore, 
which. we: are to endeavour to remove, is, 
why the vital organs ſhould not, like the or- 
gans of ſenſe and muſcles of voluntary mo- 
tion, be ſo far affected by ſleep, as to be- 


come leſs fit or able to- perform their uſual 


functions? 

SLEEP ſeems to be owing to ſome change 
produced in that part of the body which A- 
natomiſts, diſtinguiſhing it from the cerebel- 


lan, call the BRAIN, The proof of this is 


plainly 


F g 
., 
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plainly ſeen, in the inſtances of people who, 


having loſt part of their ſkull, were imme- 
diately ſeized with ſleep, whenever their brain 
was gently preſſed ; and, from the experi- 
ments which ſhew, that, inſtead of ſleep, death 
itſelf, or at leaſt a ſyncope, is the effect of a 
like compreſſion upon the cerebellum. If, 
therefore, it can be made appear, that the 
vital organs have their nerves chiefly from 
the cerebellum, and not from the brain, it will 
be evident alſo, that the reaſon why their 
motions continue unimpaired in time of ſleep, 
muſt be this peculiar circumſtance attending 
the cerebellum, that its nerves are not, like 
thoſe proceeding from the brain, affected by 
ſleep, but are at all times fitted for actuating 

the parts to which they are diſtributed. 
Now there are many experiments of Vi- 
euſſens , Ridley , and others, ſhewing, that 
reſpiration and the motion of the heart are 
quickly ſtopt upon wounding the cerebellum, 
but that wounds in the brain produce little or 
no change in theſe motions. On the other 
hand, over) authors of great reputation and 
unqueſGoned 


* Neurograph. lib. 1. cap. 20. 
1 Anatomy of the brain, chap, 17. 
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unqueſtioned veracity afſure us, that, in 
their experiments, the vital motions conti- 
nued for ſome conſiderable time after the ce- 
rebellum had been cut in pieces. However, 
it does not, by any means, appear from other 
experiments of theſe very authors, that the 
wounding or cutting in pieces of the brain, 
affected the vital motions more, or even fo 
much, as the ſame treatment of the cerebellum. 
Are we then to conclude, from theſe experi- 
ments, that neither the brain nor- cerebellum 
are neceſſary to the motions of the vital or- 
gans? By the like kind of reaſoning, it would 
ſeem, that the nerves alſo, and the influences 
they may have, are unneceſſary in the produ- 
cing of theſe motions, fince that of the heart 
has been known to remain a conſiderable 
time after the intercoſtals and eight pair of 
nerves have been cut . Do theſe experi- 

7 ments, 


* T ſhall here take occaſion to obſerve, what indeed 
would have come in more properly under Sect. i. p. 6. 
that there are related by Molinelli, in the Comment. acad. 
Bonon. vol. 2. part 2. the hiſtories of two patients, 
who, though they had, in the operation for the aneuriſm 
in the arm, the nerve tied along with the artery, yet re- 
covered, after about three months, the entire uſe of that 
member; whence ſome have not ſcrupled to 1 

| at 
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ments, therefore, which prove too much, 
prove nothing at all? Far otherwiſe. The 
true inference is this; That, ſince various 
experiments concur in ſhewing the cerebellum 
to be more concerned in the vital motions 
than the cerebrum, while none at all can be 
adduced in proof of the cerebrum being more 

immediately 


that the nerves are not neceſſary to motion or ſenſation, 


But in this they have rather been too haſty; for Galen 
informs us, that as often as a nerve has been quite cut 
through, the muſcles to which it belonged were de- 
prived both of ſenſe and motion + : and many later ex- 
amples might be produced, where the ſame conſequence 
attended the deſtroying of a nerve. I ſhall only mention 
one, which is conſiſtent with my own knowledge. J. F. 
who had the nerve tied along with the artery in the ope- 
ration for the aneuriſm eighteen years ago, continues, to 
this day, to have a numbneſs and feebleneſs of the mu- 
fcles of the thumb and forefinger, which are alſo a good 
deal ſhrivel'd.— But further, it appears, even from the 
hiſtories now mentioned, that the immediate conſequence 
of a ligature made upon the nerves was a total loſs of 
motion and ſenſation in the parts below; and this hap- 
pened notwithſtanding that the blood continued, by two 
pretty __ arterial branches, to be diſtributed to them : 
which is ſuch a direct proof of the neceſſity of the nerves 
to motion and ſenſe, as is not to be overturned by the 
parts recovering afterwards their power of motion, ſince 
this might happen without any inconſiſtency to the for- 
mer concluſion, and in a way unknown to us.—In the 
hiſtory found by Morgagni among Valſalva's papers, and 
related in the ſame volume of the Comment. Bonon. we are 
told, the patient did not recover the full uſe of his = 
˖ 


+ De motu muſculorum, lib, 1. cap. 1. 
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immediately neceſſary to theſe than the cere- 
bellum *, it follows, that the vital organs have 
their nerves, either wholly or principally, 

from the latter. 
BuT though the cerebellum be the chief 
ſource of the vital nerves, yet its deſtruction 
does 


till eight or nine months after the operation for the aneu- 
riſm was performed. When Molinelli diſſected this arm, 
thirty years after, he found the nerve not wanting in the 
place where the ligature had been made, as were the ar- 
tery and vein, but of a much greater thickneſs than uſual, 
and not unlike a ganglion. From this obſervation, I 
think, we have reaſon to believe, that, in Molinelli's two 
patients above mentioned, the nerve was not deſtroyed by 
the ligature, but perhaps acquired a greater thickneſs in 
that part, and ſo became, after ſome months, fit to perform 
its functions. 

Upon the whole, the hiſtories of the operation for the 
aneuriſm related in the Bononian tranſactions, though 
they may perhaps confound a ſuperficial inquirer, will 


never incline an accurate and impartial one to reject the 


doctrine of the nerves being neceſſary to motion and ſen- 
ſation. 0 


* In the accurate Dr. Kaau's experiments, the vital 
motions continued in a dog, above eight hours after the 


medullary part of the brain was broken down into a pulp; 


but when the medullary ſubſtance of the cerebellum was 
treated in the ſame way, though they did not ceaſe in- 
ſtantly yet they began to fail in a few minutes # When 
the cerebellum was wounded, without touching the cere- 
brum, the heart's motion failed ſooner than when the 
brain alone was wounded 1. 


+ Impet. faciens. N. 325. 
{| Ibid. N. 326. 
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does not put an immediate ſtop to the vital 
motions, for the ſame reaſon that cutting off 
the head, or tying the intercoſtal and eight 
pair of nerves, does not produce this effect; 
1. e. becauſe the branches from the ſpinal 
marrow which join the intercoſtals, together 
with the ſpirits (if I may be allowed to call 
the influence of the brain by that name) re- 
maining in the trunks of the nerves and fibres 
of the heart, are ſufficient to keep up theſe 
motions for ſome time: in man, perhaps, 
only for a few pulſations, in young dogs or 
cats for ſeveral hours, and in a tortoiſe for 
fix months; which laſt animal, not to men- 
tion other differences, has its ſpinal marrow 
remarkably large: nay, the motion of the 
hearts of many animals, aſter they are taken 
out of their bodies, affords us ocular demon- 
ſtration of the nervous influence, lodged in 
the fibres of the heart and in the ſmaller fila- 
ments of the nerves, being ſufficient to con- 
tinue the motions of this muſcle for ſome 
time, or to enable it to perform a great num- 

ber of contractions. 
THe inſtances given us of animals, whoſe 
cerebella, upon opening them, were found 
| ſcirrhous, 


— Wy pos Ws 
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ſcirrhous, corrupted, or otherwiſe diſeaſed, 
avail no more, towards proving that the vital 
organs don't derive their nerves chiefly from 


this part, than do the hiſtories of offified and 


petrified brains, or of monſters born with no 
brain at all, towards making it a clear point 
that the brain and nerves are, in fact, not the 
ſource of ſenſe and motion “. 

Bur further; did not the vital organs re- 
ceive their nerves chiefly from the cerebellum, 
and thoſe of ſenſe, and voluntary motion, theirs 
from the cerebrum ; why ſhould the latter, in 
time of ſleep, be affected with a languor and 
relaxation, while the former continue to act 
with undiminiſhed vigour? Why, in a deep 
apoplexy, when the muſcles of voluntary mo- 
tion are ſcarcely excited into action by the 
ſtrongeſt ſimulus, and when the organs of 
ſenſe are loſt to their proper objects, does the 
heart move with its wonted force? Why in 
ſuch a caſe ſhould the fþhinfer of the pupil, 
and muſcles of deglutition, refuſe to obey their 
uſual ſimuli, and the heart be almoſt as ſen- 
ſible as ever of the irritation of the returning 
blood? If the heart derived its nerves equal- 

| 
See Sect. 1. No 1. above, ; 
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ly from the brain and cerebellum, why, in apo. 
plexies, when ſeveral other muſcles of the bo- 
dy are convulſed, is it not itſelf affected with 
ſtrong palpitations? And why in animals new- 
ly dead is not the heart's motion renewed by 
Irritating the brain, as well as by irritating the 
cerebellum or medulla oblongata? | 

THe longer people have wanted ſleep, or 
the greater fatigue they have endured, a re- 
cruit of ſpirits becomes the more neceſſary for 
the free uſe and exerciſe of the organs of ſenſe 
and inſtruments of voluntary motion : and 
whence is the caſe different with regard to the 
vital organs, unleſs it be that their nerves 
differ, either as to their origin or nature, from 
the animal ones? Why the cerebellum ſhould 
not be affected in time of ſleep, as well as the 
cerebrum, and why, without any intervals of 
reſt, it ſhould at all times furniſh ſpirits ſuf- 
ficient for the purpoſes of vital motion, I will 
not pretend poſitively to determine; only I 
think it pretty evident that the medulla- 
ry ſubſtance of the cerebellum is by far leſs 
liable to various degrees of compreſſion, than 


that of the cerebrum, as well on account of 
its 
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its firmer texture and want of cavities, as of 
the different diſtribution of its arteries. 
DRINKING largely of ſtrong ſpirituous li- 
quors cauſes not only ſleep, but a ſtuper alſo, 
and ſometimes a real apoplexy ; now, if theſe 
be in a good meaſure the effects of a rarefa- 
ction of the blood, and conſequent diſtenſi- 
on of the veſſels in the brain, as is probable 
from diſſections, it follows, ſince the vital mo- 
tions continue after all the animal functions 
are ſuſpended, that the cerebellum is not ſo foon 
affected as the brain, either becauſe of its firm- 
er ſubſtance, or of its differing in ſome other 


circumſtances from the brain. But, as a de- 


ficiency of ſpirits is allowed to be one general 
cauſe of ſleep, as well as a compreſſion of the 
medullary ſubſtance of the brain, it may till 
be aſked, why the vital ſpirits ſhould never, 
like the animal, be ſo much exhauſted as to 
require intervals of reſt for their recruit. In 
anſwer to this, we can only ſay that, it may 
be, there is not ſo great an expence of nervous 
power in carrying on the vital motions, which 
are very gentle and equable, as is required for 
the exerciſe of the ſenſes and the motions of 
the voluntary muſcles, whoſe contractions, 
though 
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though not ſo frequent, are yet much more 
violent; or elſe there may be a quicker ſecre- 
tion or ſupply of it by the cerebellum than by 
the cerebrum. If both or either of theſe ſup- 
poſitions be true, the vital organs which, whe- 
ther we be awake or ſleeping, are equally act- 
ed upon by their uſual ſimuli, muſt neceſſa- 
rily continue their motions uninterrupted and 
undiminiſhed as long as we live; or at leaſt ſo 
long as the cerebellum and its nerves, together 
with the organs themſelves, remain ſound, 
and the cauſes ſtimulating them into action 

are the ſame. 
 TraT muſcles, which have their nerves 
from the brain, may, even in time of ſleep, 
be excited into action by a ſimulus, is moſt 
certain : I ſhould, therefore, have no doubt, 
that the vital organs might be kept continually 
in motion, by the efficacy of the /timul; act- 
ing upon them, even though there were no 
difference between their nerves and thoſe ſer- 
ving the other muſcles of the body, provided 
their action were obſerved to be ſenſibly weak- 
er in time of ſleep, and to become more re- 
markably languid in proportion as this was 
deeper: but, as no ſuch thing has hitherto 
been 


al 
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been diſcovered, I cannot but be of opinion, 


there is ſome difference between the vital and 


animal nerves, as to their nature and origin, 
towhich, as well as to the conſtantly repeated 
action of their ſimuli, it is owing that the 
vital motions continue undiminiſhed in time 
of ſleep. 

Ir it be ſaid, that the vital organs are ſo ex- 
tremely ſenſible of the ſimuli applied to them, 
or ſo peculiarly adapted to motion, as that their 
action muſt be continued in time of ſleep, 
while other parts, equally furniſhed with 


nerves, are then, upon account of their leſs 


ſenſibility and fitneſs for action, more languid 
and ſluggiſh; I would defire to be informed, 
what part of the body is endued with a more 
exquiſite ſenſe than the ret ina, or what muſcle 
in it can be found capable of more various 


degrees of motion than the ſphin#er of the 


pupil? and yet we well know, that, in an a- 
poplexy, the former loſes its ſenſibility, and 
the latter all its power of contraction; at the 
fame time that the action of the heart is in 
no degree weakened. But, be the vital organs 
ever ſo ſenſible, or well fitted for motion, they 
muſt neceſſarily act with leſs vigour during 

Uu ſleep, 
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ſleep, or in a fit of the apoplexy, if it be 


true, that in theſe circumſtances the nervous 
influence is more ſparingly tranſmitted to 
them, than when we are awake and in health. 

Tur induſtrious Haller is of opinion, that 
there is no difference, as to their origin or na- 
ture, between the vital and animal nerves; 
ſince the intercoſtals, the nerves from the 
ſpine which unite with theſe, and the eight 
pair of nerves, give off branches to ſome 
of the organs of ſenſe and voluntary motion, 
as well as to thoſe parts whoſe motions are 
vital and involuntary; and ſince, he is 
unable to conceive how, in the ſame nerve, 
the vital part can remain undiſturbed and 
without action, while the animal part is 
violently agitated, and vice verſa*, But this 
reaſoning proceeds upon a double miſtake, 
as it ſuppoſes, /, That the organs and mu- 
ſcles of voluntary motion have no need of vi- 
tal nerves; and, 2dly, That if two kinds of 
nerves be diſtributed to any part, they muſt 
always act both together. 


1. As to what concerns the firſt of theſe 
ſuppoſitions, we have formerly obſerved that 
as 
* Not. in Inſtitut. Med. Boerhaave, vol. 4. p. 585. 
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as the heart is excited into alternate contracti- 
ons by the ſfimulus of the returning blood, ſo 
the larger arteries owe their /y/tole in part to 
the ſame cauſe, while the ſmaller veſſels, in 
which no alternate He, and diaſtole, ari- 
fing from the force of the heart, regularly 
takes place, are ſtimulated into alternate oſcil- 
latory contractions, by the gentle irritation of 
the fluids as they glide along their ſides *, 
Since therefore all the veſſels of animals, ſmal- 


ler as well as larger, are, like the heart and 


alimentary tube, continually agitated with a 
vital motion; it is highly probable, that not 
any even of the organs of voluntary motion 
are wholly deſtitute of nerves derived from 


the cerebellum. So that the objection brought 


againſt Dr. Willis and his followers, who al- 
low the third, fourth, fifth, and ſeventh pair 
of nerves to receive ſome fibres from the ce- 
rebellum, viz. that, in this, they muſt be miſ- 
taken becauſe theſe nerves aſſiſt not in the 
performance of any vital motion, 1s extreme- 


ly ill founded; for, as we have juſt now ſaid, 


there is no muſcle in the body whoſe veſſels 


are not agitated with a vital ſpontaneous mo- 


tion: 
* Sect. vi. No 1. & 2. above. 
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tion : and the opinion that all the nerves have 
fibrils both from the brain and cerebellum, 
which was firſt embraced by Ridley, and af- 
terwards gone into by Boerhaave, is far from 
being improbable “. However, it may be 
ſuppoſed, that while the muſcles of voluntary 
motion have the largeſt ſhare of their nerves 
from the brain, or from the ſpinal marrow 
conſidered as ariſing from thence, and only a 
few fibrils ſerving for the oſcillations of their 
veſſels from the cerebellum; the organs of vi- 
tal motion, on the other hand, are ſupplied 
more plentifully, if not wholly, with nerves 
from the cerebellum, as well for the oſcillato- 


ry contractions of their veſſels, as for their 


motions as muſcular organs. 

Bur further, ſince no body can pretend to 
affirm, that the intercoſtals and eight pair of 
nerves proceed wholly from the cerebellum, 
without having any fibres at all from the ce- 
rebrum, it were an eaſy anſwer to Haller's ob- 
jection to ſay, that the branches which theſe 

nerves 


* The olfactory nerves indeed ſeem wholly to be deri- 
ved from the brain; but the membrane of the noſe is fur- 
niſhed with a branch from the ſixth pair of nerves, to which 
the vibratory motions of its veſſels are qwing, 
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nerves give to the organs of ſenſe or volun- 


tary motion, are ſuch only as they receive 
from the brain.—If it be ſaid, that the fifth 
pair of nerves, which is diſtributed to the or- 
gans of ſenſe and voluntary motion, is chief- 
ly or wholly derived from the cerebellum; it 
may be anſwered, that to diſcover from diſ- 
ſection, with any tolerable degree of certain- 
ty, how far this is fact or otherwiſe, is an ex- 
tremely difficult matter: but as this nerve 
ſeems to aſſiſt in the formation of the inter- 
coſtal, and may give branches to the noſe 
and other parts, upon which it is beſtowed, 
for the vital oſcillations of their veſſels, we 
may very well allow it to be derived in a 
great meaſure from the cerebellum. 

 WHERESOEVER in the preſent argument I 
have ſpoken of nerves being derived from 
the brain or cerebellum, I deſire to be under- 
ſtood as including the ſpinal marrow, ſo far 
as it can be reckoned a continuation of the 
medullary ſubſtance of theſe parts, or to a- 
gree with them in its ſtructure and uſe ; for 
the ſpinal marrow does not ſeem altogether 
derived from the brain and cerebellum, but pro- 


bably prepares a fluid itſelf; whence it is ena- 
bled 
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bled to keep up the vital and other motions for 
ſeveral months, in a tortoiſe, after the head is 
cut off. 


* 


2. ALTHOUGH two ſorts of nerves were 
diſtributed to the ſame organ, it would by 
no means follow, that the one could not act 
without the other ; for if the mind can de- 
termine the ſpirits through a few fibrils of a 
nerve, without diſturbing others which are 
contiguous to it; and if the impreſſions of ex- 
ternal objects are tranſmitted to the brain by 
the nerves deſtined for feeling, without af- 
fecting any of the fibrils which are included 
in the ſame coats with them ; why may not 
the gentle irritation of the fluids, contained 
in the veſſels of a muſcle, excite their circu- 
lar fibres into alternate contractions, by means 
of the nerves derived from the cerebellum, 
without affeCting the nerves from the brain, 
in ſuch manner, as to make the muſcle itſelf 
contract? Although the nerves from the ce- 
rebrum and cerebellum be contained in the 
ſame common ſheath, yet they are quite diſ- 
tint; ſo that there can be no reaſon for 

ima- 
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imagining the one may not be acted upon 
without bringing the other into conſent. 

Bur as the real and intimate ſtructure, and 
the diſtin uſes of the brain and cerebellum, 
as well as the particular diſtribution of their 
medullary fibres, are things which we are 
much in the dark about, it is no wonder, if 
we frequently loſe and bewilder ourſelves and 
readers, when we attempt to puſh our inqui- 
ries deeply into theſe matters. Far, therefore, 
from expecting, that what has been advan- 
ced in this Section concerning the difference 
between the vital and animal nerves, ſhould 
give every one full ſatisfaction, or be thought 
quite clear of all difficulties; J have only offer- 
ed, in a few words, what ſeems moſt probable 
to myſelf, being ready to give up my opini- 
on, as ſoon as further experiments or obſer- 
vations ſhall lead us to a better and more 
conſiſtent account of this matter. Sequimur 
probabiliora ; nec ultra quam id quod veriſimile 
occurrit progredi poſſumus, et refellere fine per- 


tinacia, et refelli fine iracundia, parati ſumus*, 
* CIcERon, diſput. Tuſculan, lib. 2. 
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ger. Im. 


Concerning the motions obſerved in the muſcles of 


animals after death, or their ſeparation from 


the body. 


INCE the hearts of many animals continue 
their alternate contractions for ſome time 
after they are taken out of their bodies; and as 
this is a circumſtance which poſſibly may be 
miſtaken for an unanſwerable objection to the 
account we have given of the' vital motions, 
* we ſhall here inquire particularly into the 
nature and cauſe of thoſe motions which are 
ſo frequently ſeen in the muſcles of animals 
after death, or their ſeparation from the body; 


and 


cc Sed manifeſto falſum eſt motus omnes ab anima 
ce oriri, et abſque ca materiem fore immobilem ſegnem- 
& que maſſam. Nam vis contractilis ad ſtimulum quem- 
« cunque, ad quam motus cordis, inteſtinorum, et forte 
cc omnis motus in homine pertinet, ne requirit quidem ani- 
e mx præſentiam, ſupereſt in cadavere, ſuſcitatur me- 
& chanicis cauſis, calore, flatu; neque deſerit fibram, quam- 
diu nondum refrigerata riguit, etſi dudum animam abe- 
& gerit deſtructio cerebri cordiſque, etſi, ex ipſo eorpore 
& revulſus muſculus, ab omni imaginabili animæ ſede ſe- 


« paratus fit.” Taller. Prim. lin. Phyſiolog. Ne 562. 
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and we flatter ourſelves much, or it will 
hence appear, that inſtead of being inconſiſt- 


ent with our theory, they ſerve rather to il- 
luſtrate and confirm it. 

SEVERAL authors (ſome of them indeed of 
conſiderable name) have aſcribed the motions 
of the heart after death, or its ſeparation from 
the body, to ſome peculiar property, not 
found in the other muſcles, wherewith they 
ſuppoſe this to be endued * : but with what 
reaſon, will appear from the following expe- 
riments and obſervations, 


1. AN eel, which I diſſected, moved the 
muſcles of its body with great force, for more 
than half an hour after the removal of its 


heart and the other viſcera; and though I 


had not leiſure to obſerve them, I doubt not 
but it continued theſe motions a much longer 
time; for Dr. Harvey has long ago inform- 
ed us, that not only the heart, but alſo the 
fleſh of eels continues to move after being cut 

in pieces. 
2. I have often obſerved a frog turning 
from its back to its belly, and leaping about 
"4 S - for 


Van Swieten comment. in aphor. Boerhaave, vol. 1. 
p. 1. & 2. 
1. H. G. comment. in Boer. Inſtit. med. vol. 5. p. 101. 104. 
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for an hour after the heart and other viſcera 
were cut out; and when its muſcles were at 
reſt, they have been brought into convulſive 
contractions, by pricking them with a pin or 
a ſcalpel : nay, a frog's limbs ſeldom fail to 
move for ſome time after they are ſeparated 
from its body. | 


3. A tremulous motion has been obſerved 
in the muſcles upon the fernum for a quarter 
of an hour after it was cut out of the body; 
and, when it had ceaſed, it was renewed by 
pricking the fibres of theſe muſcles with the 
point of a knife . The like tremulous mo- 
tions have continued for an hour in the mu- 
ſcle of an ox ſeparated from its body imme- 
diately after it had been killed, and, upon 
their ceaſing, have been recalled, by pricking 
its fibres with a ſharp inſtrument +, 


4. In a young pigeon, which I killed, by 
ſeparating its head from the vertebræ of the 
neck, the divided muſcles of the left fide of 
the thorax (upon which ſome of the blood 

thrown 


* Swencke Hæmatolog. p. 28. 
+ Ibid. 
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thrown out of the heart had been ſpilt) were 
agitated with alternate contractions for about 
ten minutes. Theſe contractions were very 
quickly repeated at firſt, but, like thoſe of 
the heart, became much flower before they 
ſtopt altogether, 7 

WERE not the alternate contractions of 
theſe muſcles more remarkable, and of longer 
continuance, on account of the ſimulus of the 
blood which was ſpilt on them? This ſeems 
not at all improbable, ſince, as has been ob- 
ſerved above *, the motions of the vena cava 
ſeem to continue longer than thoſe of the 
heart, becauſe it is longer ſupplied with blood. 
Beſides, the alternate contractions which hap- 
pened to the muſcles of the 7horax in other 
pigeons which I opened, and where na blood 
was ſpilt, were much leſs remarkable, and 
laſted but a very ſhort time, 


5. Swammerdam tells us, that, in diſſecting 
animals alive, he obſerved contractions, not 
only in every muſcle ſeparated from the body, 


but alſo in every muſcular fibre + And the 
ſame 
* Sect. vi. No 3. 
Tractat. de reſpirat. cap. 7. p. 67. 
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ſame kind of motion has been remarked in 
the muſcular fibres of men, which had been 
cut away in the extirpation of tumors, 


6. Tux vermicular motion of the inteſtines 


remains for a conſiderable time after both 
them and the ſtomach are taken out of the 
body. 

« HENCE it appears, that all the muſcles 
of living animals, whether they be of the 
voluntary or involuntary kind, are agitated 
with alternate contractions, after being diſ- 
ſeed from their bodies; and, conſequently, 
that the vibrations performed by the hearts of 
animals, when divided from their bodies, be- 
ſpeak not any latent power reſiding particu- 
larly in the fibres of this organ, or which 
they do not ſhare in common with thoſe of 
every other muſcle. | 

Ir the voluntary muſcles, which in a 
healthful ſtate remain at reſt when the will 
interpoſes not to the contrary, are alternately 
contracted and relaxed, as well as the heart, 
when they are ſeparated from the body ; it 
cannot be concluded, that, becauſe the heart 
beats after ſuch ſeparation, it muſt therefore 

move 
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move alſo while in the body: on the contra- 
ry, it follows, that the alternate motions of 
the heart in living animals muſt be owing to 
its being acted upon by ſome particular cauſe, 
which does not affect the voluntary muſcles. 


7. Tux heart of an eel, which I cut out 
of its body, and divided into two, continued 
its vibrations above twenty minutes, 


8. Wurx the heart of an cel incloſed in 
an exhauſted receiver, after beating about an 
hour, had become very languid, and almoſt 
ceaſed from motion, Mr. Boyle renewed its 
pulſations, by breathing on that part of the 
glaſs where it lay “. 


9. I have obſerved the hearts of frogs beat 
12, 15, 18, or 30 minutes, after being ſepa- 
rated from their bodies ; and when their mo- 
tions begin to languiſh, or are juſt about to 
ceaſe, they may be increaſed or renewed, by 
heat or pricking them with a pin. 
| 10. THE 


* Philoſophic. Tranſact. abridg'd, vol. 2. p. 222. 
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10. Tux hearts of frogs, which, when firſt 
ſeparated from their bodies, beat from 64 to 68 
times in a minute, performed from betwixt 
go to 100 pulſations in the ſame time, when 
expoſed a little to the heat of the fire ; but, 
after being removed from it, their vibrations 
became gradually flower and flower, till they 
were no quicker than at firſt. While 
warmth thus increaſes and renews the motion 
of the heart, even in thoſe animals whoſe 
blood is cold, too. great heat deſtroys it both 
in hot and cold animals, by producing ſuch a 
change in the muſcular fibres, and their fluids, 
as renders them unfit for motion. Hence 
the heart of a pigeon or frog immediately 
loſes its motion when immerſed in boiling 
water. 


11. Tux hearts of vipers continue their 
alternate motions for ſeveral hours after they 
are ſevered from their bodies &. 


12. A viper's heart, which beat only 25 
times in a minute, when Dr. Langriſb firſt 
took it from its body, was, by the warmth 

of 


* Boyle's Uſefulneſs of Experimental Philoſophy, 
part 2. p. 16, 
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of his hand, ſoon made to perform 48 vi- 


brations in that time ; and, being afterwards 
put in water a degree or two warmer than 
human blood, it repeated its pulſations 87 
times in a minute “. 


13. Uro ſtretching a cock's neck fo as to 
ſeparate the head from the vertebræ of the 
neck, ſeveral violent convulſions enſued, and 
in leſs than five minutes he ſeemed to be quite 
dead. At this time laying the thorax open, 
I obſerved the heart performing its alternate 
motions, but much more faintly than that of 
a frog or eel when ſeparated from the body. 
Three minutes after, when the heart's mo- 
tion was become yet weaker, I cut it out of 
the body, and found its veſſels and cavities 
had been filled with blood; which was no 
ſooner evacuated, than the tremulous motions 
of this organ ceaſed; nor could they be re- 
called by breathing upon it, or pricking it in 
ſeveral places with a pin ; but, by touching 
it two or three times with a red-hot iron, a 
vibrating contraction was obſerved, which 
ſcarcely laſted for a ſecond. 


14. Tur 
* Cronean Lectures, No 150, 


352 Of the ViTAL and 


14. THE heart of a chick taken out of the 
ſhell, beat an hour after its head and breaſt- 
bone were clipp'd away with a pair of ſciflars, 
and the auricle retained its motion. ſome time 


after the heart. The motion of the other 


parts ſeemed only to ſurvive the loſs of the 
head for a few moments: the heart's mo- 
tion, when about to ceaſe, was frequently re- 
newed by pricking it with a pin. In another 
chick the heart was kept beating, by the in- 
fluence of warmth, above two hours after i its 
head was cut off *. 


15. I laid open the horax of a young pi- 


geon, four minutes after ſeparating its head 
from the vertebræ of the neck, and found the 
heart, with its right auricle, which was great- 
ly diſtended with blood, without any motion. 
I let a few drops of warm ſaliva fall from my 
mouth on the heart; upon which its right 
auricle began to move, and continued re- 
peating its alternate contractions with remark- 
able vigour and quickneſs for three minutes, 
when they became gradually both weaker and 

ſlower. 


*  Bijlt's Uſefulneſs of Experimental Philoſophy, =_ 2, 
p- 15. & 16, 
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lower. At eleven minutes from the begin- 
ning of the experiment, the motions of the 
auricle were ſtill flower, but were quickened 
ſomewhat by pricking it with a pin. Aſter 
eighteen minutes, the contractions of the au- 
ricle were much more feeble, and not repeat- 
ed till after the interval of 7, 8 or 9 beats 
of my pulſe ; whereas, at firſt, they ſucceed- 


ed each other much more quickly than the 


vibrations of my heart: Before the twentieth 
minute was expired, the motions of the auri- 
cle ceaſed entirely; but were fo far renewed 
afterwards, by filling the /horax with water of 
the ſame warmth with the human blood, as 
to laſt about two minutes: During all this 
time, no motion was obſerved in the body of 
the heart; nor were its fibres excited into 
contraction by pricking them with a pin ſe- 
ven minutes after the thorax was opened. 


16. I opened the thirax of another pigeon 
three minutes after I had pulled off its 
head and made a ligature about its neck : the 
right auricle, with part of the vena cava infe- 
rior adjoining to it, ſtill continued to beat, but 
the body of the heart was at reſt ; ſometime 

Y y after ” 
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after, when the motions of this auricle were 
about to ceaſe, they were renewed with their 
former vigour by drawing aſunder the ſides of 
the divided zborax, and conſequently ſtretch- 
ing the great veſſels leading to the heart. 
When the auricle's motions were become ve- 
ry languid and flow, the vena cava inferior 
made ſeveral contractions before the auricle 
contracted once ; and it continued to palpi- 
tate for ſome time after the auricle had ceaſed 
altogether. 


17. IMMEDIATELY after ſeparating from 
the vertebr of the neck the head of a pigeon 
ſomewhat younger than either of the two for- 
mer, I laid open the thorax, and found the 
heart beating pretty ſtrongly, and at every fj- 
ole throwing out the blood with a conſider- 
able force by a wound which I had accident- 
ally made in it. When, after a few con- 
tractions, its motion had become much more 
feeble and irregular, it was made to recover 
its vigour and propel the blood through the 
wound as before, by drawing the ſides of the 
divided thorax a little aſunder. Sometime 


after this, when the heart was become much 
more 
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more languid, its contractions were renewed 
with double force as often as I raiſed the point 
of it with my finger. About ſix or ſeven mi- 
nutes after opening the 7horax, the motions of 
the heart could be perceived only in its right 
auricle and apex, but were by far moſt re- 
markable in the former. In three minutes 
more, when no motion could be ſeen in the 
body of the heart, this auricle ſtill continued 
to vibrate, and its motions were very ſenſibly 
quickened by raiſing the point of the heart, 
and of conſequence ſtretching the great veſ- 


ſels adjoining to its baſe. At this time a few 


weak palpitations were excited in the heart by 
dividing it with a ſharp knife, 


18. Som young Gentleman having hang- 
ed acat till ſhe was quite dead, opened the 


thorax, and obſerved only a tremulous motion 


in the heart which ſoon ceaſed, but was re- 
newed by pricking it with a ſharp inſtrument; 


after this, by ſqueezing the cardiac .nerves 


downwards, or otherwiſe irritating them, the 
heart was made to perform twoor three pulſati- 
ons; which it continued to do for a conſiderable 


time, 


| 
| 
q 
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time, whenever the cardiac nerves were thus 


ſtimulated. 


19. Tux heart of a cat, which had been 
dead for four hours, was excited into alter. 
nate contractions by blowing warm air into 


its cavities through a tube fixed in the recepta- 


_— * oo 


20. THE motion of the heart was renewed 
in the ſame manner, by Brunnerus, in a dog 


which had been a good while dead +. 


21, Evxd in man, the heart retains a power 
of motion for ſome little time after its ſepara- 
tion from the body; as appears particularly 
from the well known ſtory of Lord Verulam 
concerning a malefactor, whoſe heart, having 
been cut out of his body, and thrown imme- 
diately into fire, leapt ſeveral times upwards 
to a conſiderable height | : 


22, IT is obſervable, that after the convul- 


Gons, which animals ſuffer at the time of 


death, 
* Iepfer. hiſtor, cicul. æquat. p. 89. b 
+ — circa Pancreas, p. 21. 


1 Hiſtory of life and death, ſect. ix. Ne 31. 
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death, have ceaſed, their muſcles remain at 
reſt, unleſs they are ſtretched, cut, expoſed to 
the air, or otherwiſe ſtimulated. 


FRoM the above experiments it follows, 


4 THAT the ſeparated hearts of ſome ani- 
mals, vibrate more ſtrongly, and for a much 
longer time, than thoſe of others. N*g.11.14. 

BÞ THAT animals of the amphibious kind, 
which have either no lungs or very imperfect 


ones, which bear the air-pump long, and 


whoſe blood is cold, as well as languid in 
its motion, ſhew ſigns of life, not only in their 
hearts, but alſo in their other members, for 
a much longer time after they are ſeparated 
from their bodies, than animals which have 
more perfect lun 88, hotter blood, and a quick- 
er pulſe. Ne 1. 2. 4. 14. 


 TrosE animals whoſe parts preſerve moti- 


on and appearances of life longeſt after being 
ſeparated from their bodies, ſeem to have both 
their fluids and folids a good deal different 
from thoſe of other animals: their blood is not 
only colder but perhaps more viſcid and leſs 


diſſipable; and their fibres are ſo conſtituted, 


that 
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that neither conſtant ſupplies of this fluid from 
the heart, nor of the influence of the nerves 
from the brain, are neceſſary to keep them in 
due order for motion: thus frogs, eels, vipers 
and tortoiſes live and move ſeveral hours after 
their heart is cut out, and the various parts 
of their bodies continue to move for a great 
while after all communication between them 
and the brain is cut off, 

y THAT, ceteris paribus, the heart pre- 


ſerves its motions longer in young animals, 


after its communication with the brain is in- 
tercepted, than in older ones, N* 13. 15. 16, 
compared with 14. 17, 

4 Tur, ceteris paribus, the hearts of 
thoſc animals which continue to beat longeſt, 
after being ſeparated from their bodies, per- 
form their vibrations at the greateſt intervals, 
Neg. 10. compared with 11.12. The rea- 
ſon of this is eaſily underſtood ; ſince, as has 
been juſt now obſerved, in thoſe animals, 
whoſe hearts beat longeſt after ſeparation from 
their bodies, the blood is coldeſt and its 
circulation moſt languid. 

« THAT the motions of the heart, after 
death or ſeparation fromthe body, are general- 


ly 
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ly more conſpicuous, and laſt longer, than 
thoſe of the other muſcles. Ne 14. 

e THAT the right auricle continues to 
move, after the heart appears quite dead. 
Ne 14. 17. 

„ THAT the vena cava and ſinus venoſus 
dexter preſerve their motions till longer than 
the right auricle. Ne 16. 

8 THAT the motions of the heart and other 
muſcles, when ſeparated from the body, are 
not only at all times increaſed, but even re- 
newed, when they are juſt at an end, by heat, 
wounds, ſtretching their fibres, or any thing 
elſe that ſhall gently irritate them. N' 2, 3. 
4. 8. 9. 10. 12.—17. 

: THAT, after the heart has entirely, and 
for a conſiderable time, ceaſed to move in 
dead animals, it may be excited into action by 
_ ſtretching or ſtimulating its fibres or nerves, 
N. 18. 19. 20. 

x THAT as in living animals the voluntary 
muſcles are not convulſed, except when a //:- 
mulus is applied to them; ſo in animals newly 
dead, no convulſive contractions happen, pro- 


vided the ſkin be not ſo cut as to lay them 
bare, 
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bare, and expoſe their fibres to ſome kind of 


irritation. Ne 22. 

* WHENCE it follows, that the vibrating 
contractions of the muſcles of animals after 
death, or their ſeparation from the body, can- 
not be owing to any innate power; whereby, 
independent of all external cauſes, they move 
themſelves alternately, but muſt be aſcribed 


to the action of a /iimulus of one kind or o- 


ther upon their fibres. 

Wurx the heart is taken out of the body i in 
animals newly dead, the cutting alone muſt be 
a very remarkable ffimulus, and therefore, 
muſt not only excite or increaſe its motions, 
but alſo make them continue for a conſider- 
able time. When the thorax and pericardium 
are only laid open, the vibrations of the heatt 
will be increaſed and continued by diſſecting 
and ſtretching theſe parts with which it is 
nearly connected, (Ne 16. 17.) and even by 
the external air acting as a /timulus upon its ſen- 
ſible membranes; for the particles of this fluid 
are never at reſt, but agitated with inceſſant vi- 
brations. This undulatory motion of the air is 
ſo remarkable, as to be obſerved by the afliſt- 
ance of good 188 and is clearly enough 


ſeen 


.! Ai 2 , a. Vo 
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ſeen in the conſtant whirl of duſty atoms, and 
other light ſubſtances, perceived in the ſtilleſt 
room, where-ever the ſun beams play. 

THE motions of the heart, therefore, in 
animals newly dead, or after it is ſeparated 


from the body, are owing to the ftimulus of 


the blood remaining in its cavities; to the con- 


tact of the external air, or to the irritation 
which is communicated to it, by ſtretching 
or cutting its own fibres, or thoſe of ſuch parts 
as happen to be immediately connected with 
it. 

In a /yncope, and in animals newly dead, 


the inteſtines continue their periſtaltic motion 


after the heart has ceaſed to vibrate, which 


cannot be aſcribed to their being more fitted 
for motion, ſince the heart, when ſeparated 


from the body or otherwiſe irritated, moves 
more remarkably than they; but is ſolely ow- 
ing to their being acted upon by their uſual 


fimuli, even after the heart is deprived of that 


regular and alternate ſupply of venous blood 
which was wont to keep up its motion: as 
therefore the bile, air, and aliment, remain 
in the guts equally after death as before it, 
they will continue to excite the fibres of the 

2 2 various 
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various portions of this canal into alternate : 
contractions, till at length they become quite 
dead and rigid with cold. 

Ms. Boyle tells us that an eel's, heart being 
placed in a ſmall receiver, became very turgid 
when he exhauſted the air, and beat as ma- 
nifeſtly, and more ſwiftly than it had done 
before®; thereaſon of which phenomenon is ab- 
undantly evident from what has been ſaid; 
fince the diſtraction of the fibres of the heart 
thus ſwelled, muſt have had the ſame effect in 
quickening its vibrations, as any other /?7mulus. 

DR. Harvey obſerved, that in time of incu- 
bation, the chick's heart, whoſe motion lan- 
guiſhed, and at length ceafed in the cold air, 
quickly recovered its vigour by heat, and con- 
trated with greater force and frequency as oft- 
en as it was touched with the point of a needle 
or any thing elſe that could irritate it +; from 
which it follows that the ſame cauſes excite 
the motion of the heart in living animals and 
thoſe newly dead, in the body and out of it. 

THe concluſion to be drawn from what has 
been ſaid is, that there remains in the muſcles 


of 
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* Philoſoph. Tranſact. abridged, vol. 2. p. 222. 
+ De generat. animal, exercitat. xvii, 


K 
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of animals and their nerves, for ſome time 
after death or their ſeparation from the body, 
the immediate cauſe of motion, which may 
be excited into action, as in living animals, 
by any ſtimulus or irritation. How or by what 
means this happens, ſhall be the ſubject of 
our next inquiry. 

SOME have aſcribed the motions of the heart 
out of the body, and conſequently of other 
muſcles ſeparated from it, to the ſpirits remain- 
ing in their nerves, which, bythe capillary at- 
traction of theſe tubes, or the cold conſtringing 
them, continue for ſome time to be derived 
into the muſcular fibres. But from ſuch an 
equable derivation of the ſpirits, it will be dif- 
ficult to account for the regular alternate con- 
tractions and relaxations of theſe muſcles, or 
for their being excited and renewed by ſimu- 
li of very different kinds. 

OTHERS have been inclined to deduee the 
vibrations of the heart, when out of the bo- 


dy, from the elaſtic power of its fibres *, or 


of 


xvili. 


* 2 — ſyſtem. med. tom. 1. lib, 1. ſect. 1. cap. 3. 
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of the ſpirits lodged in them *; which are 
excited into oſcillations by any impulſe or irri- 
tation, and which, obſerving the ſame laws 
with other elaſtic bodies, muſt perſiſt in theſe 
tremulous motions for a conſiderable time. 
Bur if the motions of the heart, or other 
ſeparated muſcles of animals, were owing to 
any ſuch cauſe, how could their vibrations be 
excited by bringing a red hot iron near them, 
after the impulſe and tearing of a pin or point 
of a knife had ceaſed to have any effect? (No. 
13.) Will warm water heighten and increaſe 
the elaſtic powers of any body ? Does it not 
rather weaken and relax animal fibres? And 
how can acrid liquors, which communicate 
no impulſe at all, excite vibrations in an ela- 
ſtic machine? | 
FURTHER, as the times of the vibrations of a 
pendulum in a cycloid would be exactly equal, 
however une qual the arches which the body 
deſcribes,” may be, were it not for the ſmall 
inequality that the reſiſtance of the air neceſſa- 
rily occaſions; ſo the vibrations of a pendulum 
in a ſmall arch of a circle which coincides with 


the 


* Lancifi de corde, prop. 58. Lieutaud element. Phyſio- 
log. p. 71. 72. Senac traite du coeur vol. i. p. 434. & 452. 
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the cycloid, and the oſcillations of elaſtic bo- 
dies, would follow one another at equal inter- 
vals of time, were it not for the air, which, as 
it reſiſts a great vibration of a pendulum or ela- 
{tic body more than a ſmall one, muſt conſe- 
quently retard it more; whence, ſtrictly ſpeak- 
ing the firſt and greater vibrations of ſuch bo- 
dies muſt follow each other more ſlowly than 
the laſt and ſmaller ones. But as this differ- 
ence is too inconſiderable, eſpecially in ſmall 
vibrations, to be perceived byus; fo, in a phy- 
fical ſenſe, we may be allowed to ſay, that 
the vibrations excited in elaſtic bodies by any 
external cauſe, though they be always decrea- 
ſing in greatneſs and force, are yet perform- 
ed from firſt to laſt at equal intervals of time. 
Let us now ſee how far the ſeparated hearts of 
animals obſerve the ſame law, in their moti- 
ons. 

23. Tux hearts of frogs, when firſt their 
thorax is laid open, generally beat from 64 to 
66 times in a minute; but after they are ſe- 
parated from the body, and have been in mo- 
tion for ſome time, their vibrations begin to 
grow ſenſibly flower, ſo as only to be renew- 


ed 
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ed after an interval of 2 or 3 ſeconds ; and, 
a little before their motion ceaſes altogether, 
I have counted 7, 10, 13, 15, 16, or more 
beats of my pulſe * between their pulſations, 
each ſucceeding pulſation following the for- 
mer not till after a longer pauſe, which at 
laſt ended in a final ſtop. In the ſeparated 
heart of a frog (into whoſe ſtomach I had 
forced, about an hour and a half before open- 
ing it, a ſmall quantity of opium diſſolved in 
water) I obſerved the intervals between the 
fix laſt pulſations to increaſe nearly in the fol- 
lowing proportion, 11, 13, 16, 19, 23, 30; 
which numbers denote how many beats of 
my pulſe intervened betwixt each of theſe 
vibrations. From which it appears, that, 
before the laſt pulſation of this frog's heart, 
there was a pauſe of 24 ſeconds. 

WHAT is here ſaid of the motions of the 
ſeparated hearts of frogs becoming remark- 
ably ſlower as they grow weaker, is alſo true 
of the hearts of cels; and holds not only in 
the pulſations of the right auricle of a pigeon's 
heart, which remained in the body after 

death, 


The motion of my pulſe was at the rate of 75 in a 
minute, 
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death, (Ne 15. ), but in the contractions alſo 
of the muſcles of its thorax after diſſection, 
No 4. 

SINCE, then, the motions in the hearts of 
animals after death, or after they are ſepa- 
rated from their bodies, decreaſe gradually in 
quickneſs, as well as in ſtrength, and become, 
at laſt, ſo ſlow, that, before they ceaſe alto- 
gether, the heart repoſes itſelf, as it were, for 
a conſiderable time, and, after appearing to 
have been quite dead, performs yet another 
contraction ſlowly, and with much ſeeming 
difficulty ; it evidently follows, that they are 
regulated according to laws wholly different 
from thoſe of elaſtic bodies ; and that every 
attempt to account for theſe motions, from 
elaſtic powers of whatever kind, ſuppoſed 
to reſide in the heart, muſt be vain and fruit- 
leſs; and can only ſerve to ſhew, that the 
authors or ſupporters of ſuch opinion were 
either ignorant of the nature of elaſtic vibra- 
tions, or unacquainted with the phenomena 
recited above, (No 23.). 

Wr may alſo ſee, from what has been ſaid, 
with how little reaſon the motion of the 
heart, after its ſeparation from the body, has 


been 
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been aſcribed to the alternate action of its dif. 
tending fluids and contracting ſolids; and 
compared to the follis luſorius, which being 
let fall from a height, does not lie {till upon 
the ground, but is immediately thrown off 
from it, and continues to riſe and fall alter- 
nately for ſome time *. 

IT appears, from the experiments already 
recited, compared with Ne 8. 9. 10. and 11. 
of Sect. I. and with what has been advanced 
Sect. X. p. 242. 243. and 256.—2 58. that 
the motions of the heart and other muſcles 
after death, and when ſeparated from the 
body, are owing to a /f;mulus; that where 
no ſimulus is applied, they either happen not 
at all, or ſoon ceaſe ; that, when failing, they 
are excited a-new by any irritation ; and that, 
in the laws they obſerve, and the phenomena 
they exhibit, they agree exactly with the 
motions which a ſimulus excites in the mu- 
ſcles of living animals. But we have fully 
ſhewn, in Sect. X. that the contractions of 
the muſcles of living animals, ariſing from 
any thing that tears, diſtracts, or otherwiſe 
irritates their fibres, are not owing merely to 


the 


Santorini de ſtructura & motu fibræ, ſect. 73. 
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the peculiar ſtructure and arrangement of 
their parts as mechanical organs, or even to 
the ſole efficacy of any material powers ; but 
to their being endued with feeling, and ani- 
mated by a ſentient principle. Whence it 
follows, that the motions of the heart and o- 
ther muſcles, after death, or their ſeparation 
from the body, muſt proceed from their ſen- 
ſibility. As long as this ſentient power re- 
mains, or is but little impaired, they are im- 
patient of any irritation, and are, therefore, 
alternately contracted and relaxed; but when 
it becomes conſiderably weaker, ſtronger /ti- 
muli are required to rouſe them into action, 
and even then their motion is more languid. 
DR. Harvey, whoſe mind was neither blind- 
ed by prejudice, nor prepoſſeſſed with any fa- 
vourite theory, but who formed his judgment 
of things, not as imagination might ſuggeſt, 
but from repeated experiments and obſerva- 
tion, aſcribes, without the leaſt doubt, the 
various and irregular motions of the chick's 
heart, when irritated by different ſimuli, to 
its being endued with ſenſe “; and therefore 
AA a compares 


De generat. animal. exercitat. 17. 
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compares it to an animal which hives, moves, 
and feels. 

THE motions of the heart from a /#imulys 
greatly reſemble the alternate contractions of 
the panniculus carnoſus of brutes, when their 
ſkin is tickled or ſtung by inſects: and as this 
muſcle cannot properly be conſidered as a 
mere mechanical organ, but as ſomething a- 


nimated, which endeavours to throw off 
whatever affects the ſurface of the body with 


any diſagreeable ſenſation ; ſo the-motions of 


the ſeparated hearts of animals, are not to be 
aſcribed to any property they can be poſſeſſed 


of as mere material organs, but to their be- 


ing ſtill endued with ſome kind of life and 


ſenſe, which makes them ſhew an impatience 
of whatever hurts them, and endeavour, by 
their alternate contractions, to throw it off. 


24. AT eleven o' clock in the forenoon, I 
injected a ſolution of opium in water into the 
ſtomach and guts of a frog, both by the 
mouth and anus. In leſs than a quarter of an 
hour, it had loſt a good deal of its vivacity 
and power of motion, and, when touched or 
| —_ it dragged its limbs as though their 
muſcles 
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muſcles had been in ſome degree paralytic. 
In little more than half an hour, it ſeem'd to 
have loſt all power of motion. At two in 
the afternoon, when I opened it, I found the 


auricle of the heart, with the large veſſels at- 


tached to it, greatly diſtended with blood ; 


but there was not the leaſt motion either in 


the heart or its auricle : nay, ſo very inſen- 
fible were theſe parts become of any /t:mulus 
or irritation, that neither tepid water, nor 
pricking or tearing their fibres, had any in- 
fluence in exciting them into motion. Hot 
water, indeed, being poured into the thorax 
and abdomen, made the heart and inteſtines 
ſuddenly ſhrink and contract, in the ſame 


manner as the fleſh of any dead animal does 


when immerſed in boiling water; but pro- 
duced no alternate contractions like thoſe 
which follow the action of a ffimulus upon 


the muſcles of living animals, or of ſuch as 


are newly dead. Afterwards, I cut off this 
frog's head, and with the point of a probe 
preſſed and broke down the ſpinal marrow 
into a pulp; but did not obſerve the leaſt 
motion or convulſion in any part of the body. 


25, AT 
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25. AT half an hour paſt one in the after- 
noon, I injected a ſolution of op,“, as above, 
into another frog, and opened it an hour af- 
ter. The auricle and great veſlels leading to 
the heart were more than uſually filled with 
blood, but not ſo much as in the laſt experi- 
ment. The heart {till continued its motions, 
but much more ſlowly than in a ſound ſtate : 
its pulſations followed each other after an in- 
terval of about 34 ſeconds : the diſtended au- 
ricle always contracted firſt, and, after it, the 
ventricle. No convulſions happened in any 
part of the body from irritating the ſpinal 
marrow, nor were any of the muſcles of the 
limbs or trunk brought into contraction by 
pricking or tearing their fibres. : 


26. I forced down into the ſtomach of ano- 
ther frog a ſmaller quantity of a ſolution of opi- 
um; and, upon opening its thorax an hour and 
three quarters after, I found its heart beating 
regularly, but as ſlowly as in the laſt experi- 
ment: when I cut it out of the body, and laid 
it on a plate, it renewed its pulſations faſter, 
V7Z. once in two ſeconds; but, after five or ſix 
minutes, they became as flow as at firſt, 

| « SINCE, 
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4 SINCE, from theſe experiments, it ap- 
pears, that op:7um, internally applied, ſoon 
renders the motion of the heart in frogs three 
or four times ſlower than it naturally is, and, 
at length, puts an end to it entirely, fo that the 
cauſes which uſe to renew it, prove quite inef- 
fectual for that purpoſe ; and ſince opium re- 
ceived into the ſtomachs of animals, is well 
known to deſtroy the ſenſe of feeling, either 
in the whole, or in part, as its doſe is greater 
or leſs; is it not highly probable, that opium 
ſtops or retards the motions of the heart, only 
as it renders it wholly, or in a great degree, 


inſenſible to the ſimulus of the returning ve- 


nous blood ; and that the contractions of the 
heart, both in the body, and after it is ſepa- 


rated from it, are owing to the ſentient power 


of its fibres, by which it is made capable of 


being properly affected by various /{zmuli ? 
As the heart continued to beat after the 
muſcles of the trunk and limbs were no long- 
er affected by any irritation ; it follows, either 
that its fibres are endued with a higher de- 
gree of ſenſibility than the fibres of other mu- 
ſcles, or, at leaſt, that its ſenſibility is not ſo 
ſoon deſtroyed by the /audanum. Opium ſeems 
to 


F 
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to affect the brain ſooner and more remarka- 
bly than the cerebellum ; if therefore the heart 
is chiefly ſupplied with nerves from the latter, 
its ſenſibility will not be fo ſoon deſtroyed by 
this poiſon, as that of the voluntary muſcles 
whoſe nerves are derived from the brain. 

y Dr. Kaau has obſerved, that the convul- 
five motions which were excited by irritating 
or breaking down the brain of a dog to whom 
he had given ſix grains of mum, were an 
hundred times leſs remarkable than thoſe he 
had been in uſe to obſerve in other dogs who 
had got nothing to lull their ſenſes &; and ex- 
periment 25. above, ſhews, that no convulſive 
contractions are produced, either by irritating 
the muſcles themſelves, or the ſpinal marrow 
of a frog, an, hour after a ſolution of opium is 
injected into its ſtomach and guts: from 
which this inference is obvious, v/2z. that 
convulſions excited in dying animals, or ſuch 
as are newly dead, by diſſecting the ſpinal mar- 
row, preſſing it with a probe, or breaking 
down the brain, are ſolely owing to the ſen- 
ſibility of theſe parts to any irritation, and not 


to the ſpirits being mehanically propelled 
through 


*Impet. faciens. No 435, 
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through the nerves into the muſcles, either 
by the cut veſſels of the medulla, or brain re- 
tracting themſelves * ; or by the preſſing 
power of the probe or diſſecting inſtrument 
applied to them. 

IT has, for many years, been the prevail- 
ing opinion, that opium produces its moſt re- 
markable effects on the body, not by mixing 
with the blood; but merely by its immediate 
action on the Nervous papillæ of the ſtomach, 
whence the brain and whole nervous ſyſtem 
are affected in a very ſurpriſing manner. In 
ſupport of this opinion, many arguments have 
been advanced, ſome of greater, others of 
leſſer weight: but the following experiments 
compared together, put the truth of it be- 
vond doubt. 


27. A frog continued moving its limbs, 
turning from its back to its belly, and leaping 
about for above an hour after I had cut out its 
heart; and was not quite dead after two hours 


and a half. 
* Kauu impet. faciens No 333. 


28. FivE 
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28, Flvx minutes after taking out the heart 
of another frog, I injected a ſolution of opium 
into its ſtomach and guts. In leſs than half 
an hour it ſeemed to be quite dead, and nei- 
ther pricking, tearing, nor cutting its muſcles, 
cauſed any contraction in them, or any mo- 
tion in the parts to which they belonged. A 
probe puſhed into the ſpinal marrow, after cut- 
ting off its head, made its fore legs contra& 
feebly. 

S1NcE, in this frog which was deprived of 
its heart, the parts of the pium could not poſ- 
fibly be mixed with the maſs of blood, or be 
conveyed along with it to the brain, their 
effects muſt neceſſarily be deduced from their 
direct action upon the nerves and fibres of the 
organ to which they were immediately appli- 
ed. But to return from this digreſſion. 

SINCE the ſenſibility of our fibres is owing 
to their being animated by a living principle 
different from matter, and of powers ſuperior 
to it (Sect. x.), it may be objected, that if we 
aſcribe the motions of the muſcles after death, 
or their ſeparation from the body, to their be- 
ing endued with ſenſe, we muſt not only 


ſuppoſe the ſoul to continue preſent with the 
body 


LY 
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body after death, but alſo to be extended and 
diviſible. 

Bur, though theſe objections, as they are 
founded in our ignorance of the nature of the 
ſoul, and its union with the body, and of the 
manner of their mutual action upon each o- 
ther, ought to have little or no regard paid 
them in a Phyſical inquiry; yet, to clear our 
ſubject, as much as poſſible, of all difficulties, 
we ſhall conſider them particularly. 

« I think it is not only probable, but even 


demonſtrable, that the ſoul does not imme- 


diately leave the body upon a total ſtoppage 
of the heart's motion, and, conſequently, of 
the circulation of the blood, i. e. upon what 
we uſually call pzaTH *, but continues for 
ſome time at leaſt preſent with it, and ready 
to actuate it. Thus, a variety of inſects, bats, 
hedge-hogs, and ſeveral other animals, which 
continue in a death- like ſtate in the cold win- 
ter- ſeaſon, are reſtored to life by the kindly 
warmth of the returning ſpring, which, as 
it ſtimulates the ſolids into contraction, as well 

B B b as 


* By death is here meant the general death of the body 
as a ſyſtem, and not the particular death of the ſeveral 


parts, which does not happen far ſome time atter, 
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as rarifies and agitates the fluids, gives the la- 
tent ſoul an opportunity of ſhewing itſelf by 
its effects: yet, in theſe animals, during the 
cold weather, there is no circulation of the 
blood; they are quite deſtitute of feeling, 
may be torn and cut in pieces, without ſhew- 
ing that they have any ſenſe of pain, and can- 
not be diſtinguiſhed from ſuch animals as are 
really dead, except in this ſingle circumſtance, 
that, by the aſſiſtance of warmth, they may 
at any time be brought to life. 

In the Northern countries, magpies and o- 
ther ſmaller birds, after being frozen by the 
exceſſive cold, have been ſoon brou ght to life 
again by warmth *; nay, ſeveral of the hu- 
man kind have been recovered by agitating 
their bodies, blowing into their lungs, or ex- 
poſing them to heat, after having been for 
hours, hay ſometimes days, to all appearance, 
dead, without pulſe, breathing, or any de- 
gree of natural heat. Had not the ſoul been 
preſent with ſuch bodies, and ready to actuate 
them, is it to be imagined, that blowing 
air into the anus or lungs, that heat, friction, 
or any other ſimuli, could, as it were, by 

ſome 

* Flora Siberica, præfat. p.73. 
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ſome magic charm, have called it back from 
diſtant regions? Upon the whole, it ſeems 
certain, that after death, or an entire ſtop of 
all motion in the bodies of animals, the ſoul 
{till remains preſent with them, and can be 
again brought to exert its influence, by vari- 
ous kinds of f{1mul: applied to their different 
parts. May not then the ſame principle con- 
tinue preſent with the ſeveral muſcles after 
they are ſeparated from the body, and be the 
cauſe of their motions when irritated ? And 
is it not reaſonable to think, that the renewal 
of life in a frozen magpye, and of motion 
in the frozen heart of a ſalmon *, by expo- 
ſing them to the heat of a fire, was owing 
to the ſame cauſe, vig. to the ſoul or ſentient - 
principle, which being preſent with the body 
of the magpye, and the ſeparated heart of the 
ſalmon, was excited by the /#zmulus of- heat 
to put them in motion ? But here it will be 
ſaid, that, not only contrary to the opinion of 
many Philoſophers, we ſuppoſe the ſoul to be 
extended, but alſo, in oppoſition to them all, 
ſeem to make it diviſible ; which is the ſecond 

objection 


* Peyer Parerg. anatom. 7. p. 200. 
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objection mentioned above, and to which ye 
now proceed to give an anſwer. 

| Þ As the ſchoolmen ſuppoſed the Dz1TY 
to exiſt in every ubi, but not in any place, which, 
as a learned and acute writer has well obſerved, 
is to ſay, in Latin, that he exiſts every where, 
but in Engliſb, no where; ſo they imagined the 
ſoul of man not to occupy ſpace, but to exiſt 
in an indiviſible point. Yet, whoever con- 
ſiders the ſtructure and phenomena of the ani- 
mal frame, will ſoon be convinced that the 
ſoul is not confined to an indiviſible point, 
but muſt be preſent at one and the ſame time, 
if not in all the parts of the body, yet, at 
leaſt, where-ever the nerves have their ori- 
gin; 1. e. it muſt be, at leaſt, diffuſed along 
a great part of the brain and ſpinal marrow. 
Nay, while, in man, the brain is the principal 
ſeat of the ſoul, where it moſt eminently diſ- 
plays its powers; it ſcems to exiſt ſo equally 
through the whole bodies of inſects, as that 
its power or influence ſcarce appears more re- 
markable in one part than another: and hence 
it is, that, in ſuch creatures, the ſeveral parts 


aof the body live much longer after being ſe- 


parated from each other, than they do in man 
and 
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and the other animals more nearly reſembling 
him, where the ſoul ſeems chiefly to act on 
the different parts by means of their conne- 
xion with the brain and ſpinal marrow ; or, 
at leaſt, where the cutting off ſuch connexi- 
on, ſoon renders the parts unfit to be any 
more acted upon by it. The amphibious ani- 
mals ſeem to hold the middle place, between 
man and the inſect tribe, as to the diffuſion 
of the ſoul through the body, and its power 
of moving the various parts independently of 
the brain. 

Ir was not, therefore, altogether without 
reaſon, that ſome of the greateſt Philoſophers 
of the laſt and preſent age, ſuppoſed the ſoul 


to be extended *. 
| Bur 


£ * Gaſſendi, Dr. Henry-More, Sir Iſaac Newton, Dr. Sam. 
rke. . 
Faſſendi argued for the ſoul's being extended in the fol- 
lowing manner. If it be ſaid, that the ſoul reſides in a 

int of the brain, this is either phyſical or mathematical; 
if phyſical, the difficulty ſtill remains, becauſe this is ex- 
tended, and conſiſts of parts, and conſequently the ſoul 
muſt be extended which occupies it: if mathematical, 
which has no dimenſions, how can the nerves, which are 
not mathematical lines, all terminate in that which hath 
neither length, breadth, nor thickneſs. Gaſſend. object. con- 
tra meditat. Deſcartes, p. 32. 33. 
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Bor if the ſoul; without extenſion, be pre- 
ſent at one and the ſame time in different 
places of the brain ; and if in many animals it 
can act along the ſpinal marrow for a great 
while after the head is cut off, why may not 
it alſo actuate parts ſeparated from the body, 
without being extended ? On the other hand, 
if we allow the ſoul to occupy ſpace, I don't 
ſee why it may not continue to be preſent 
with the parts of its body after they are ſe- 
parated, as well as when they were united, 
And with reſpect to the diviſibility of the 
ſoul, which is generally thought to follow 
from the ſuppoſition of its being extended 
why may it not be a ſubſtance ſo perfectly and 
_ eſſentially one, as that a diviſion or ſeparation 
of its parts would neceſſarily infer a deſtru- 
ction of its eſſence? Further, if the ſoul can 
be preſent in all or in any conſiderable part of 
the body at one and the ſame time without 
being diſcerpible, its ſphere of exiſtence be- 
ing ſo much increaſed, as to enable it to act 
upon the parts when ſeparated, will not in- 
fer its diviſibility. As the DeiTy 1s every 
where preſent, and, in the infinitely diſtant 


parts of ſpace, actuates at the ſame time a vaſt 
variety 
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variety of different ſyſtems, without any incon- 
ſiſtency with his un1TY or INDIVISIBILITY ; 
ſo, may not the ſouls of animals be preſent e- 
very where in their bodies, actuating and en- 
livening at the ſame time all their different 
members? Nay, further, when , the fibres 
and threads connecting ſome of theſe parts 
are divided, may not the ſoul ſtill a& in the 

ſeparated parts, and yet be only ox mind? 
IT muſt be owned, there is a great deal 
of difficulty and obſcurity in theſe matters. 
But what hypothefis can we embrace that wil! 
clear us of them, or to what part of nature 
can we turn our inquiries where we ſhall not 
find ſomething to puzzle us, ſome myſtery 
at laſt which we cannot unfold ? Nor is this 
to be wondered at; fince, in the preſent ſtate, 
our knowledge is very much limited, and we 
have only acceſs, as it were, to the ſurface of 
things! But becauſe we cannot explain fully, 
are we therefore in noways to attempt ex- 
plaining the operations of nature ? Becauſe, 
in accounting for the ſpontaneous motions of 
animals, and ſhewing their dependence on 
the ſoul, there occur ſome difficulties with 
reſpect to the nature of an immaterial ſub- 
| ſtance, 
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ſtance, its manner of exiſting, and way of 
acting upon, or being preſent with the body; 
are we therefore to deny the reality, influence 
and action of this principle, which, from a 
variety of arguments, appear undeniable ? At 
this rate, we ought to give up all inquiry into 
the works of nature, and, with our arms a- 
croſs, fit down contented in ignorance | 
Bur, not to perplex ourſelves any longer 
with metaphyſical difficulties, we ſhall recite 
a few experiments and obſervations, from 
which we are led, by the moſt obvious analo- 
gy, to conclude, that the motions of the ſepa- 
rated parts of animals are owing to the ſoul 
or ſentient principle ſtill continuing to act in 


them. 


29. A frog lives, and moves its members, 
for half an hour after its head is cut off“; nay, 
when the body of a frog is-divided in two, 
both the anterior and poſterior extremities pre- 
ſerve life and a power of motion for a conſi- 
derable time. 


30. A young cock, whoſe head Dr. Kaau 

Tuddenly cut off with a ſharp razor, as he was 

h running 
* Kaau impet. faciens. No 331. 
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running with great eagerneſs to his food, went 
on in a ſtreight line 23 Rhinland feet, and 
would have gone farther, had he not met with 
an obſtacle which ſtopp'd him . The ſto- 
ry, therefore, mentioned by Lord Verulam, 
of an oſtrich running along the ſtage after its 
head was ſtruck off with a forked arrow 
by one of the Reman Emperors, is no way 
improbable +; 


31. A viper, after being deprived of its head 
and intrails, moved towards a heap of ſtones 
in a garden where it uſed to hide itſelf . 


32. Tur bodies of vipers not only move 
two or three days after they have been depri- 
ved of their ſkin, head, heart and other bow- 
els, but are alſo manifeſtly ſenſible of pun- 
ctures, by means of which they may be made 


to move with greater vivacity ||. 


23. Tur female butterflies into which filk 


worms have been metamorphoſed, not only 
Coe admit 


* Impet. faciens, No 331. 

+ Sylva ſylvarum, on the word Je. 

+ Kaau impet. faciens, No 331. 

| Boyle's Uſefulnefs of Experim. Philoſ. part 2. p. 16, 


386 Of the VITAL and 


admit the male, after loſing their heads, but 
alſo lay eggs 


34. REDI informs us, that a land tor- 
toiſe, whoſe brain he extracted by a hole 
made in its ſcull, in the beginning of Novem- 
ber, lived till the middle of May following. 
Immediately after the loſs of its brain, it ſhut 
its eyes, nor ever opened them any more, but 
continued to move and walk about until the 
time of its death, When the ſcull was o- 
pened, its cavity appeared quite clean and 
ſmooth, and nothing was found in it except 
a ſmall dry clot of blood. The ſame experi- 
ment he repeated on various other tortoiſes, 
ſome of which lived a longer, others a ſhorter 
time, but none of them leſs than fifty days +. 


35. A large tortoiſe, whoſe head Red: cut 
off, allowing the blood to flow freely from 
the open veſſels of its neck, lived after this 
twenty three days; and though it did not 
walk about like thoſe which were deprived 
of their brain, yet as often as its fore or hind 

feet 


* 8 Uſefulneſs of Experiment. Philoſoph. part. 2. 
p-. 16. i 
+ Obſervation. circa animal. vivent. p. 209. & 210. 
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feet were pricked, it moved them with great 
force, and was otherwiſe convulſed. In two 
tortoiſes which he opened fifteen days after 
decollation, he ſaw the heart beating as in a 
living animal, and the blood circulating 
through it *. 

HERE, we are naturally led to obſerve, that 
while thoſe animals who have a ſmall brain 
and large ſpinal marrow, live long after decol- 
lation ; man, and moſt quadrupedes, which 
have the brain remarkably large, ſurvive the 
loſs of it only for a few moments. 

« I the motions of a tortoiſe, after decol- 
lation (3 5.), or the loſs of its brain (34.), cannot 
proceed from mere mechaniſm, but muſt be 
undoubtedly aſcribed to the living principle 
which cauſed its motions in a ſound ſtate; 
and if the ſame thing is true of the actions 
performed by butterflies after the loſs of their 
heads (33.) ; it muſt follow, that the motions 
and other ſigns of life which are obſerved in 
the trunk and limbs of a frog for above half an 
hour after its head is cut off (29.), are to be 
attributed to the ſentient principle, to which 
its motions and actions were owing, when in 


* Obſervat. circa animal, vivent. p. 212. 213. 
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an entire ſtate; and if ſo, then the motions 
of this body, when divided into two parts, 
muſt alſb be referred to the ſame cauſe, ſince 
they are of a like kind, although of ſhorter 
duration. Shall we then deny that the moti- 
ons of its ſeparated heart and limbs, which are 
ſimilar to theſe, and are increaſed and renewed 
by the application of the ſame cauſes, pro- 
ceed from the ſentient principle ſtill acting in 
theſe parts? This would be to neglect the 
ſtrongeſt analogy ; and muſt be the more in- 
excuſable, as no other cauſe can be aſſigned, 
which accounts ſa well for the appearances. 
4 Wr have no other way to ſatisfy our- 
ſelves that an animal is alive, or endued with 
feeling, but by obſerving, whether it ſhews 
an uneaſineſs when any thing hurts, or tends 
to deſtroy any of its parts, and an endeavour to 
remove or avoid it. Since therefore the bodies 
of vipers make juſt the fame kind of motions 
when pricked with a ſharp inſtrument, two 
or three days after loſing their head, heart, 
and other bowels, as if they were entire(32.); 
we are naturally led to conclude, that they are 
ſtill, in ſome ſenſe, alive and endued with feel- 
ing, i. e. animated by a ſentient principle. 
- Jr And 
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And as the muſcular parts of theſe creatures 
move after being cut in pieces, and are ſen- 
ſible of punctures, it alſo follows, that they 
continue {till to be animated. 

y Laſtly, Ir the motions of the muſcles in 
acock's limbs after decollation (30. ), are, with- 
out diſpute, owing to its ſoul ; may we not 
alſo aſcribe to the ſame principle, the like, but 
leſs remarkable, motions, in men and qua- 
drupedes, after their heads are ſtruck off, and, 
conſequently, the tremulous motions and 
palpitations of their hearts too, after death 
or ſeparation from their bodies, 

To ſum up all in a few words; from what 
Has been ſaid, it appears undeniable, that the 
involuntary motions of living animals, and the 
alternate contractions of their muſcles, after 
the general death of the body, or their being 
ſeparated from it, are owing to one and the 
ſame cauſe; 472. an irritation of their fibres 
or membranes, or of ſuch parts as are nearly 
connected with them. If then, as we have 
ſhewn (Sect. x.), the motions of animal fibres, 
from a ſlimulus, moſt certainly beſpeak a teel- 
ing, and cannot be explained unleſs we admit 


it; and if feeling be not a property of matter, 
but 
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but owing to a ſuperior principle, it muſt fol- 
low, by neceſſary conſequence, that the mo- 
tions of the heart, and other muſcles of ani- 
mals, after being ſeparated from their bodies, 
are to be aſcribed to this principle; and that 
any difficulties, which may appear in this 
matter, are owing to our ignorance of the na- 
ture of the ſoul, of the manner of its exiſt- 
ence, and of its wonderful union with, and 


action upon the body, 


CONCLUSION. 


S Philoſophical inquiries, however agree- 

able and entertaining they may be to the 

mind, become ſtill more intereſting when they 
can be applied to practice; I intended to have 
ſhewn, how far the theory of the vital and 
other involuntary motions, which we have 
endeavoured to eſtabliſh, may be uſeful to- 
wards explaining the nature of ſeveral diſ- 


_ eaſes, and conſequently towards pointing out 
the moſt proper method of curing them. 
But, as this Efay has ſwelled to a much 


greater bulk than I at firſt expected, I ſhall 
NOW , 
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now, omitting that part of my deſign, con- 
clude with a reflexion of a different nature. 


FRoM what has been offered, then, in the 
preceding pages, it may appear, how un- 
juſtly the ſtudy of Medicine has been accuſed 
of leading men into Scepticiſm and irreligion. 
A little Philoſophy may diſpoſe ſome men to 
Atheiſm; but a more extenſive knowledge 
of nature, will ſurely have the contrary effect. 
If the human frame is conſidered as a mere 
CORPOREAL ſyſtem, which derives all its 
power and energy from matter and motion; 
it may, perhaps, be concluded, that the 1M- 
MENSE UNIVERSE itſelf is deſtitute of any 
higher principle : but if, as we have endea- 
voured to ſhew, the motions and actions of 
our ſmall and inconſiderable bodies, are all 
to be referred to the active power of an 
IM MATERIAL principle; how much more 
neceſſary muſt it be, to acknowledge, as the 
Author, Suſtainer, and Sovereign Ruler of 
the univerſal ſyſtem, an INCORPOREAL Na- 
TURE every where and always preſent, of in- 
finite power, wiſdom, and goodneſs ; who 
conducts the motions of the whole, by the 

moſt 
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moſt conſummate and unerring reaſon, with- 
out being prompted to it by any other im- 
pulſe, than the original and eternal benevo- 
lence of his nature 


| Nam quis nom videt, finite fi breve corpus 
Slulhjicitur menti, mens quanta fit illa ſuprem? 
Qu regit arbitrio vaſtum quem condidit orbem? 
Non poterit fine conſilio tam parva moveri 
Machina, tam fragilis; te judice, tanta regetur 
Mentis inops! Credant Epi curi de grege porci x. 


1 Tux true Phyſiology, liorefors, of the 
human body, not only ſerves to confute thoſe 
| Philoſophers, who, rejecting the exiſtence of 
| IMMATERIAL BEINGS, aſcribe all the pbæno- 
mena and operations in nature to the powers 
of matter and motion ; but, at laſt, like all 
other ſound Philoſophy, leads us up to the 
FixsT CavsE and ſupreme AUTHOR of ALL, 
who is ever to be adored with the profoundeſt f 
reverence by the reaſonable part of * crea- 


tion. 


Hoon * Polignac. Anti-Lucret. lib. 5. lin, 1376. Cc. 
1 
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